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Preface to the Fifth Edition 


A diamond which is well-cut is that much more brilliant 
than otherwise. Similarly, a text, which is modified by valuable 
Suggestions, is that much more useful to students. I, there- 
fore, profusely thank Professor S.K. Chadha, Head of the 
Department of Geology, Government G.M. Science College, 
Jammu and Kashmir, for his valuable suggestions, all of which, 
incorporated herein, have improved the text. 


I have also included in this edition, three illustrations—Plate 


1 between pages 162 and 163, and Plate 2 between pages 174 and 
175, to make the text more vivid. 


Meivazhisalai K V. D. MUTHAYYA 
January 1988 
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—_ ত্বক 3 


Publication of the new edition ofa textbook that meets the 
requirements of students of geology in such varied courses as 
A.M.LE., B.E. (Civil), B.E. (Metallurgy), B. Tech., Forest & 
Forest Rangers, B.A. (Geography), B.Sc. (Engineering). B.Sc. 
(Ceramics), B.Sc. (Geography), etc., needs no justification. 


matter under them will throw more 
III. They should therefore be 
perused after reading Chapter III. The appendix to Chapter VI 


the chapter. It furnishes the 


While thanking the many friends and 
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ce College, Jammu 
& Kashmir, whose criticisms and Suggestions have been of 
great help in improving the text. 


The author gratefull: 
tor, IILT., Madras, 
edition, Dr. K.S. Sankaran Head of t 
Engineering, LLT., Madras, for 
the Department of Geology 
and Geophysics, University of Madras, for his help and 
guidance. 


PREFACE vii 


The author expresses his sincere thanks to the publishers, 
M/s. Oxford & IRH Publishing Co. Pvt. Ltd., New Delhi, for 
their great efforts in bringing out this latest edition, in a nice 
manner. 


AUTHOR 


Pretace to the Third Edition 


In this new edition some modifications and additions have 
been made particularly in the chapters on Physical Geology, 
Mineralogy and Engineering Geology for improvement of the 
text. A distinctive feature of this edition is the new set of 
questions that appear at the end of chapters II, I, IV, and VI. 
There are two sets of questions, Group A and Group B. The 
questions in Group A, as a self quiz may help the student to 
test his understanding of the topics. The questions in Group B 
are based on the pattern of University examinations. 


The author expresses his thanks and gratitude to Dr. A. 
Ramachandran, Director, LLT., Madras, for granting him the 
necessary permission to publish this edition and to Dr. P.C. 
Varghese, Head of the Department of Civil Engineering, L.LT., 
Madras, for his kind encouragement. Many thanks are due to 
Dr. K.S. Sankaran, Dr. D.J. Victor and Sri C. Ganapathy 
Chettiar for their helpful Suggestions. 


For the help rendered in reading the manuscript, proof 
corrections and in the preparation of new illustrations, the author 


murthy. His grateful thanks are also due to many others for 
offering suggestions and to the Publishers, Oxford and IBH 
Publishing Co. Pvt. Ltd., Calcutta for their kind courtesy and 
interest shown in bringing out this volume. 


Madras AUTHOR 
21-8-1968 


Preface to the Second Edition 


This new edition is brought out with a slight rearrangement 
of the chapters and with more information and illustrations 
suitably incorporated in the chapters on Indian Stratigraphy 


and Engineering geology. At the end, an index has also been 
added for the convenience of readers. 


Special thanks for the photographs included in this volume 
must be given to the Director General, Geological Survey of 
India, Calcutta, Shri M.S. Jagadeesan and Sri G. Trasi. Many 
friends and colleagues were helpful in the preparation of this 
edition and author’s most sincere thanks are due to them. 


A word of appreciation has to be added about the artist Sri 
P. Rishikesan who has designed the cover Page in a delightful 
and thoughtful manner Presenting the architecture of Man and 
Nature appropriate to the title of this text. 


Madras AUTHOR 
27-9-1965 


Preface to the First Edition 


Since August 1947, with the attainment of freedom, our 
responsibility for industrialisation has tremendously increased 
calling for the nation’s entire effort and tapping of all available 
resources. Engineers and technologists have a major part to play 
in this tremendous task of building a new India. A proper 
understanding of the subject of Geology by the engineers and 
technologists will greatly help in the successful exploitation and 
conservation of our country’s mineral resources. Otherwise in 
the enthusiasm of constructing our river valley projects, bridges 
railways, highways etc., the minerals may be wasted or their 
occurrences may be lost sight of. 


The progress of human civilisation has been greatly depen- 
dent on the knowledge gained by Man of the earth’s resources 
and the archaeologists have aptly described the various stages 
of human progress at stone age, bronze age and iron age. These 
emphasise the importance of the earth’s materials. 


This book presents in a concise form, the subject of Geology 
as drafted in syllabi of engineering and technological courses 
in Indian Universities. In writing this book, the extensive liter- 
ature available from the English, American and Indian publi- 
cations, to which reference has been made at the end has been 
Breatly useful and the author expresses his gratitude to the 
authors and publishers of the books. 


The author is greatly indebted to Sri N.S. Krishnaswamy, 
Principal Government College of Technology, Coimbatore for 
his suggestion to write this book, Sri P.R. Ramaswamy, Pro- 
fessor of Civil Engineering for his kind encouragement, his 
friend and colleague Sri N. Veerabadhu who has spared no 
pains in the preparation of the various illustrations included in 
thisbook and for his valuable guidance and help-in making 
this volume, and other colleagues who have helped in bringing 
out this publication. 


x PREFACE 


The author is highly grateful to Sri P.R. Ramakrishnan, 
Principal, Coimbatore Institute of Technology and Managing 
Director, Nava India Coimbatore for publishing this book and 
bringing it into such an attractive volume. 


Coimbatore AUTHOR 
1958 
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are shadows and they flow 
ot br form to form, and nothing stands; 
They melt like mist, the solid lands, } 
Like clouds they shape themselves ang go. 


— Lord Tennyson 
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CHAPTER I 


INTRODUCTION 


Geology, the science of the earth is a fascinating branch of study 
in Natural Science. It is fascinating because it explains to us the . 
development of topographical scenery on the surface of the land such 
as the high mountains (the Himalayas, the Alps etc.,) vast plains, 
Volcanoes, waterfalls, grand canyons and coral reefs. Tt is impor- 
tant and useful 4s it reveals to us the earth's hidden’ treasure and gives 
us knowledge of the occurrence of minerals which form the invaluable 
Taw materials in different industries. The minerals when once 
Temoved can never be replenished. Hence the conservation of 
minerals and the Proper utilisation of minerak Should receive the 
utmost consideration. The minerals Which form the important natural 
wealth of a country sheuid not be wasted by unscientific methods 
of mining and carelessness. So some knowledge of minerals 
is essential to the mining engineer, metallurgist, chemist and indus- 
trialist. Geological knowledge is necessary to the civil engineer in 
carrying out safely and Successfully the various engineering 
Projects like the Construction of dams, tunnels and mountain 


roads, and in selecting suitable rocks for building stones and road 
metals. 


Geology is that branch of Science which treats of the earth 
comprehensively with regard to its composition, “structure and 
history. Its sfudy is of wide extent and embraces a great variety of 


subjects which are commonly studied under the following different 
heads :— 


Physical Geology deals with the various principles and processes 
that are operating on the surface of the carth modifying its relief 
features from time to time. 


Mineralogy deals with minerals Which form the units of rocks 
Which constitute the earth’s crust. 


Petrology treats of the rocks whioh foim the component parts 
of the earth's crust. 
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Structural Geology deals with the arrangements of the structural 
relations of rocks and particularly with their rélations to one 
another. 


Palaeontology is the study of the remains of ancient life that are 
found in rocks. 


Historical Geology or Stratigraphy is the study of the history of 
the earth as shown by its rocks and particularly the record of events 
that is revealed in the rocks and by the relations of ruck formations 
to one another. 


Economic Geology treats of the occurrence, Origin and distribu- 
tion of the materials of the earth that are valuable to Man and the 


application of geological facts and principles in industry and engi- 
neering fields. 


For a proper understanding of the science of Geology, some 


knowledge of its various branches mentioned above, is quite neces- 
sary and essential. 


CHAPTER 


PHYSICAL GEOLOGY 


The picturesque scenery presented by the landscapes on the 
earth's surface always captivate one’s mind during a journey across 
8 country. The mountains and valleys occasionally. studded with 
waterfalls and cascades and the plains and plateaus: with rivers and 
lakes are some of the familiar earth features which have been a source 
of delight to travellers on land. . The world reknown landscapes such 
as the high Himalayan and Alpine ranges, the Grand Canyon: of 
Colorado, the Niagara Waterfalls, coral islands of the Pacific Ocean 
the volcanic mountains like Vesuvius in Europe and Fujiyama in 
Japan are well known for their scenic beauty and grandeur. 


The study of these landforms with regard to their structure and 
Origin has made us aware of the various agencies at work on the sur- 
face of the earth. They are wind, running water, moving ice, etc. 
which are described as natural architects. 


This branch of Geology which explains the various processes 
that are operating on the earth’s surface and the development of 
different kinds of landforms is known as Physical Geology. These 
natural agencies are divided into two kinds. 


1. Those which derive their energy fron. sources exterior to 
the earth chiefly from sun. They are known as external agencies 


€.g., atmosphere, rainfall and streams, snow and ice, lakes, ocean 
and organic life. hi 


2. Those which derive their energy from source interior to the 
earth. They, are known as internal agencies, e.g., earthquakes, 
volcances and mountain building movements. 


ATMOSPHERE AND ITS WORK 


Weathering: The process. which involves breaking up. and 
decay oi rock by wind aided by water and heat of the sun is 
known as weathering. Weathering is brought about by two sub- 
processes, disintegration and decomposition. Disintegration 1s 
otherwise known as mechanical weathering, as this process CAUSES 
mechanical ‘disruption of the rocks. Decomposition is otherwise 
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ical weathering as this Causes deca 
LE te TEE eich It is difficult to distinguish them 
separately. They go hand in hand. Disintegra 
decomposition since the chemical agents can attac 
fragment from all sides Simultaneously. 


Y OF rotting of the 


& On Rocks and its Constituents. Rocks 


Ce consist of Various minerals, and these 
react with the chemical Agents of weatherin 


different rates. When felspars decompose the Chief product is kaolin 

Or clay which is of great i i 

the formation of Soils. The followin i 

Orthoclase + Water + Carbon = Kaolin + Quartz Potassium 
dioxide 


Carbonate 
2KAISisOs+2H,O0 + CO: = Hidl:Si20, + 4Si0; + K:2COs 


contain aluminium also yield clay 
When they aie decomposed. Sever: i 


1erals contain some 


carried by Wind is dust and the 


nd clay. 


decomposition of vegetation. This Substa 


Ce because 


Surface of 
bed Tock, sub-soil and soil. 


ils, the basis Of all life On land. Thus the 
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s Sub, SO 
« Bed rock 


Fig. 1. 


eated toa high 
characteristic of 
and contraction of the 
gration of the rock, 
into concentric 
Some chemical 


£ ? ji . . 

Ee olaton: In arid regions the rocks are hi 

these rature during the day. Rapid cooling is also 
ese arid countries. The unequal expansion 


Mine 
‘Mineral constituents of the rock produce disinte. 
found to break off 


itself 
shells The rock sometimes is 
+ This process is known as exfoliation- 


Shan 
ges also effect such breaking of layers. 


ock fragments of various sizes Occur- 
These are form- 


Te 
ting Accumulations of T 
*d du the base of cliff or steep slope is termed talus. © ; 
(হা e to rolling down of weathered materials by the action of gravity- 
SUG they form huge heaps or piles. A talus pile has a constant 
ce slope which ranges from 25 to 40° 
When weathering occurs, Part of the 
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. Spheroidal weathering: b 
arried away by running water or any 
Jeft on the surface of 


isi 
TNE rock material is © 
eaensporting agent. Some of them are 
of: edrock as residual boulders. These boulders are then rounded 
CE spheroidal cores by s attack of eroding 
টা ts on all sides. It is often Se that these boulders have an 
On like structure. This kind of weathering is termed spheroidal 


Wes 
athering, 
Erosi f ৰ j 
‘tosional Work oi the Wind: e wind erodes by deflation 
he mantle SU h as grains of sand 
yn one place tc 


and 
abrasi ¢ 
rasion. Loose particles of t j 
ir and carried from 
i their motion, 


and si 
another are piched up by moving air ' 
Some of This process is known 2s deflation a ee 
AR the wind-driven particles strike against one I and 
Worn fr exposed bed rocks, With the result, additional SE 
Process om the bed rock and from the original loot Deco ‘ his 
is known as wind abrasion, e.g dreikanter of wind Faceted 
formed due to action of 


Pebbl 
‘ES (three edged). These deposits Are 


Wind i 
in desert regions 
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Transportation of Soil or Sand by the Wind: The wind carries 
vast quantities of the material 10,000,000 to 100,000,000 tons in 
a single storm for distances as great as 2000 miles. 


work, e€.g., Eolian deposits formed 


t Shaped dunes are seen in interior 
S stronger. 


Loess is extremly 
Wind from desert area: 
carrying much dust. 


fine calcareous mate 
S and arid regions 
Large stretches of win 


rial transported by the 
liable to strong winds 

d-blown dust are found 
in Punjab, Kasamir, Sind and Baluchistan. Loess Soil is extremely 
fertile. Loess deposits of China are the largest in the world and of 
thickness 31,000 ft. 


Soil removal b 
farm lands are dis. 
of many kingdoms, 


Y the wind and also en 
astrous to crops. 
has been transfo 

Desert Reclamation: 15 per cent of the earth’s land surface iS 
covered by deserts. In India the Rajasthan desert covers 80,000 
Sq. miles. If reclaimed, it holds Breat possibilities for agriculture and 
of the methods of reclamation adopted is 
Spraying of petroleum Product on dune areas which holds the surface 


croachment of sand 8 
Rajasthan, once a fertile Jan 
TMed into desert plains. 


Tin Rajasthan a 
India with Promising results. This helps 


truction and highway Construction. 


nd Ramaswaram in South 
greatly in rail-road cons 


RAIN AND RUNNING WATER 


A portion of the water Which fall 


S As rain evaporates and 
passes back into the atmosphere. 


A good portion of it gets 
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lodged in depressions and remains as lakes and ponds. A portion 
of it sinks into the soil and becomes sub-surface water-and a portion 
of it flows down on the surface. That part is known as the run off 
and is about 1/3 of the rain that falls on the surface. 


Formation. of Streams: ine run off, though 11 may Start as 
2 thin sheet of water, gradually concentrates into a fairly definite 
channel taking the shortest and steepest course downwards. Thus 
gradually run off takes the form of an organised stream and becomes 
a fluvial agent of erosion. 


Fluvial erosion consists of four sub-processes: (1) Hydraulic. 
action, (2) Abrasion (3) Solution and (4) Transportation. 


Hydraulic action : The inherent torce of water is capable of 
lifting up and moving loose material. This action of water is termed 
hydraulic action. 


Abrasion can be defined as the mechanical wear of one rock with 
another. This is caused by friction between rock fragments moving 
with the stream and rock fragments or solid rocks in the 
stream bed. 


Solution : No stream water is free from substance in solution. 
‘The rocks that are most easily soluble are the limestones. Even 
those rocks which are not easily soluble are gradually affected by 
acid bearing stream water. 


Transportation : Fluvial transportation is largely accompanied 
by hydraulic action. bh 


Rivers : The work performed by rivers may be placed under 
three heads; erosion, transportation and deposition. The work of a 
stream is accomplished chiefly by means of the bottom load consis- 
ting of sand, pebbles and silt, which it Sweeps along near the bottom 
of the stream. With these as tools it grinds and rasps the 
rocks of its bed. 


Study of the land surface of the earth has shown us that they 
are not permanent geological features and are ever changing the face 
of the earth. As the process of erosion is continued, three different 
stages are distinguished, i.e. youth, maturity and old age, and 
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topographic forms characteris! 


tic of these sta, 
in modern landscapes. 


&¢S May be recognised 
Thus there is the steep-sided valley of the 


| 
Ply dissected landscape | 
t meandering course of a 
attain 4 stage when they } 
rocks and th 
as base level of er 


© erosion ceases. This 
on. In course Of ages thé valley 
are also Jevelled and the finay result is a peneplain. 


into three portions, viz, 

Or plains course and the lower 
Tiver is characterised by its 
Wateifalls ‘Occur where the water 


sides themselves 


The course of a Tiver 
the upper ¢r m i 
OF deltaic part 


+ The upp 


St examples is. 
Y the falls Of Niagara in 
} 3 :d of the 
Tiver is formed SES 


The water, 

i Fi Over ithe Fal, ashes 
against the 

Fig. 3. Differential erosion. 


nderlyin Soft rocks 
And wears the চ 


the limestone 


PHYSICAL GEOLOGY 9 


which eventually by its own weight falls into the rapias oelow and 
is washed away. 


Monadnock is an isolated hill or mass of rock which stands 
above the surrounding country. It is formed due to the erosion of 
surrounding rocks which are less resistant than the former. This is 
named after mount Monadnock in U.S.A. which was formed in this 
way. 


Hog back 


Fig. 4 


Mesa is a flat table-like mountain with steep slopes on at 
least three sides. This is formed from a plateau in an arid region and 
is due to occurrence of hard top layers of rocks which resist 
denudation. 


Butte is similar to mesa, but smaller in size. 


Hog back is a long narrow ridge in which both dip slope and 
Scafp slope are great owing to the steep inclination of the beds. 


Cuesta is a ridge formed on gently dipping rock strata from 
the more durable layers, which resist denudation better than the weak- 
er layers. 


Bad Lands: In arid regions areas with scanty vegetation are 
affected by occasional torrential rain and dissected into deep gulleys. 
Such areas gullied and bared by rain are almost valueless either for 
agriculture or pasture and are known as bad lands. 


Pot-holes : Hollows known as pot-holes may be worn in hard 
rock of a river bed by the motion of pebbles which are swirled round 
by eddies, especially in the neighbourhood of waterfalls. 


River capture: It sometimes happens that a river when it 1S 
cutting back vigorously in an easily eroded formation may approach 
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the course of a neighbouring st 
Waters of the latter into its o) 
tiver capture or river piracy. 


Team and meet al 
Wn channel. 


nd divert the head 
This process is known as 


Fig. 5. River Piracy, 


€ of the loops 
Ped lake calle 
meander. 


And masses formed along 
€) are formed as a Sult of rejuvenation 
it cuts a New channel in 
¢ new valley formeq in that way is widened in 
nd a second flood plain is form, 


Within the first 
formation of 


new channels 
lo TiVer t Traces 
Phase of Tejuvenati 


TICES are also formed nd of a Elacial epoch. 
he presence Of Tiv Trace is Significant to an engi i 
locating highways and rail tWeen two Cities 
OVer river terraces contain sang And pra Sel 
Confluence £1 
Joined by other 


Ie Construction. 
he middle Or i 
Tivers join One a. 


Streams called tri 
Nother is called co 


WO such 
nflu 

Antecedent Rivers or Draina ig 

it may happen that an u 

Across its c 


: Durin the 
Pwarping Of th 
OUrse. If the river ha 


ke Place 
will Bive it the 
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requisite energy and is cutting sufficiently fast, it may be able to saw 
down its channel through the upwarp in measure as it rises and thus 
maintain its course. A stream whose course has been thus determined 
by a previous topography and does not now conform to the present 
relief of the land is called antecedent river or drainage e.g 
Himalayan rivers 


GLACIERS 


Glaciers like rivers and wind wear away the surface over which 
they move and produce characteristic land forms. Ice is formed by 
the compaction of snow in cold regions and at high altitude, where 
snean annual temperature. is near the freezing point of water and 
much of the snow remains unmelted. Snow as it falls, get com- 
pacted and acquires a granular texture and such granular snow is 
called neve. When snow accumulates to a great thickness, it will 
begin to move down a slope, and such a moving mass of ice is called 
a glacier. Glaciers are of three types. 


(i) Valley glaciers (rivers of ice) are fairly common in-mountain- 
‘us areas of the world, e.g., Himalayas and Alps; 


(ii) The Piedmont glacier (lake of ice) , formed by the meet- 
ing of several valley glaciers on low ground at the foot of mountain 
Tange, and essentially a stagnant accumulation of ice, e.g., the 
Malaspina glacier, Alaska: 


(iii) The continental glacler or ice caps (sea of ice) covering 
a large land area e.g., the ice-sheets of Greenland. Islands of rock 
standing up through ice Sheet are called nunataks. Where the ice 
breaks away from the parent snow field, a big crevasse is formed and 
that, is known as the bergschriund. 


A glacier as it moves over the ground, behaves like a very 
Viscous body, flowing over the irregularities Of its course. It carries 
aiong boulders and stones cof all sizes which fall on its surface from 
the valley walls on either side and Superficial debris of this kind is 
called moraine. It frequently lies in two bands known as lateral 
moraines, parallel to the sid2s of the glacier. The confluence of two 
Blaciers, as wien a tributary enters the main valley results in the 
formation of a medial moraine. 
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Rock debris which falls into crevasses is carried forward within 
the ice as blocks. When ice 


melts, these blocks of rock masses are 
transported and left stranded 


Wherever they happen to be and they 
are called indicator boulders or erratics. 


Glacial Erosion: Glacial 


ice moving over a land surface acts 
as a soft abrasive and removes soil and 


fl y in the process and lubricated by the 
melting of the ice under pressure; thus a glaciated surface is formed. 


the latter are tfeft 
Oor. They are known as hang" 


W along these Valleys they form 


The deposit 


he ice. It is more of 

AN es Bround up debris, boulders and stony 
A drumiin is 4 Smoot ) 

100 (ft. in height. J Lane | 


ঠ d mound 

It is built of b Benerally less than 
) 0 

Sometimes moulded over a roch ulder clay o, 


T englacial qd. bris and 
es Moun tonnee. 
From the 


iew point of an engi 
{ n 
Most difficult ang treacherous depodllis TE LS One of the 


“teates problems while 
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carrying out constructions. It is variable in character. It may be 
sandy or may contain many stones and boulders or pockets consisting 
mainly of gravel witha clay matrix or it may be almost without 
stones. Occurrence of hidden large boulders hinder the use of 
mechanical appliances and may have to be broken by blasting and the 
frequent variation in the deposit adds uncertainty to the work. 


LAKES 


Lakes occur as natural reservoirs contained in basin-like portions 
of the earth's surface. They vary in size from small ponds to great 
inland seas thousands of square miles in magnitude. 


Lakes are formed due to various geological processes which may 
produce depressions upon the land surface. The following are the 
Narious types : 


1. Due to crustal movements like folding and faulting iatye 
basins are produced which form lakes. They are known as tectonic 
Jukes, e.g., the Tibetan lakes. 


2. In some regions, damming of a river or a stream by glacial 
«<ebris or alluvial deposits results in the formation of lakes. They 


are known as dammed lakes, €.g., “he Himalayan lakes and the Dal 
lake in Kashmir. 


3. When a river in its plains course, cuts on a meander, it will 
Jeave a crescent-shaped Jake called an ox-bow lake in the abandoned 
channel. 


4. Depressions produced by the dissolution of limestone serve 4s 
lake basins. They are called solution lakes, e.g., the Kumaon lakes. 


5. Volcanic lakes, as their name implies, occupy the craters of 
extinct volcanoes, €.g., the Lonar lake in the Deccan Trap forma- 
tions of Maharashtra. 


6. In arid regions lakes are formed in depressions between sand 
hills or dunes formed due to wind action, e.g., the Sambar lake in 
Rajasthan and Dhands in Sind. Because of their richness in salt 
content they are described as salt lakes. 


J. Tn coastal regiors, due to formation of spits and bars along 
the shores, lakes and lagoons are formed, e.g., Lagoons of the 
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Malabar Coast, the 


Pulicat lake near Nellore and the chilka lake in 
Ganjam 


In many countries 
Te used as reservoirs. Fisheries of lakes 
Mic importance. Salt lakes become dry 
If lakes are of considerable 

Oderate the temperature of 
Surrounding areas, 


OCEAN 


. Ocean is a great body of Water which Occupies the 
i h’s surface. Th 
by different names. 


depressed 
€ partially separated 
Thus there are the 


Functions of Ocean : The Ocean supplies Moisture to the 
Atmosphere. It absorbs heat Slowly and gives it up slowly and 
4S 4 great regulator of climate. It also supplies food 
for millions Of people (fish and salt) and serves as a 


Breat highway of 
commerce. 


The ocean has an Average depth of i 
Cét known depth lies in ্‌! le ne HET 


the Western part Of the j 
ET ₹ Part of the Pacific Ocean, 


Part of the Phillippines i: 


y lin Where the 
more abruptly into Ahvemal Aanthe 
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Sec level 
ড্য = 


Fig. 6. 


Sea Level : The surface of the ocean is the datum of refe 
rence plane for all topographic and geologic work. All level sur- 
faces are theoretically parallel to mean sea level and that surface is 
assumed to be constant. 


Composition of Ocean Water : Sea water carries in solution 
great quantities of mineral matter and thus it differs greatly 
from ordinary land waters. Mineral matter is constantly being 
removed from sea water by marine organisms that use it in forming 
the shells which are chiefly composed of calcium salts. Precipita- 
tion and evaporation remove mireral matter. During the periods 
Of dessication due to evaporation, thick deposits of salt and gypsum 
are formed but probably are confined to shallow bays, coastal 
lagoons and closed basins. Common salt (sodium chloride) 
is accumulating in the ocean more rapidly than the calcium salts be- 
cause it is rejected by organisms in the making of skeletons or 


shells. 


Temperature : The temperature of the ocean is dependent 
almost entirely on solar radiation and it varies greatly from equator 
to poles and from surface to abyssal depths. 


Movements : Water is constantly in motion in the restless 
turbance in any part of the ocean gets trans- 


Sea as the slightest dis! 
mitted through water to distant parts. One of the common causes 
is the drag or friction of the wind blowing along the surface. During 


heavy storms these movements are destructive, e.g., On the Sth 
October 1864 violent storm changed the level of sea at Calcutta by 


about 24 feet and inundated a large area. 
rrents Waves are generated by winds 


Waves and Ocean Currents Yt 
and other agents and their motion is oscillatory The water returning 
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towaras sea along the bottom and 
Wave is known as the undertow. 
obliquely two currents result One at 
Producing the undertow and other par 
cing the long shore current or littoral 


under the next incoming 
When waves strike the Shoreline 
Tight angles to the coastline 


allel to the coastline produ- 
Current. 


Rig. 7. 


Shoreline Characteristies : F' 
% eatures iti 
Shore may be built of both the mat 0 ron NE 


to the sea. 
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having 


coast lines demand existence and maintenance of good harbours and 
the preservation of shore line. The harbour is sometimes closed up 
Or shallowed either by sedimentation or by the ‘gradual abrasion of 
land or both, when natural forces are allowed to operate and disturb. 
Hence for maintenance of good harbours an engineer must familiarise 
himself with the manner in which these natural forces operate and 
Prepare to prevent them. Improvements of harbours are done by 
‘dredging (i.e., excavating material) and by construction of works like 
jetties, groynes and breakwaters for the protection of shore lines from 


Shorecurrents. 


Coast Protection: Commercial traffic between nations 


Erosive action may be arrested locally by building of defences, 
Such as, sea walls and groynes. Sea walls are constructed to protect 
a coast from wave action, the shock of which is taken by walls instead 
of by the coastal rocks. The form of construction may be ‘a. low 
bank of earth, sand or other material. On account of its relatively 
low cost a bank of this kind is often used for protecting agricultural 


land. 


n into the beach fronts have been used to break 
the force of the waves. Walls of concrete or stone are more durable 
but ‘more costly aud they are usually employed in the case of 
sea-side resorts generally in conjunction with a System of groynes. 
Many massive sea walls of this kind were built with a ertical or 

The breaking of waves against such a wall, 


nearly vertical face. j; 
induce scour in front of the toe, ieading to 


however, may sometimes - i 
instability of structure if the scour is sufficiently deep. - An alternative 


form of wall which has been employed in some places is one of tne 
reinforced concrete, jing seaward face. 


Timber stakes drive 


having a stepped or gently slop! 
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The sloping or stepped fave forms a protective apron whose function 
is to absorb most of the force of the Waves as they move up the wall 
and to prevent scour. Groynes are used to retain or accumulate beach 
deposits along a shore where there is littoral drift. A good beach 
Serves as a protection against erosion of the land as it absorbs the 
impact of the waves which break against it. 


In general, Broynes are placed normal 0 a coast line or to the 
prevailing long shore curren 


ORGANIC LIFE—TT SGROWTH IN MOD 


IFYING EARTH’S 
SURFACE 


The common lime and silica Secre 
to lower Plants such as the bacteria, th 


lly devoid of fossils may owe 


Eroup from their low 
of the invertebrates. 
the foraminifera an 
crinoidsa etc.). 


Amongst sea Org 


anisms, corals Play a 
builders. Corals TEp 


: dominant 
TOduce by budding in 3 


‘Nt role as reef- 
plant-like fashion and 
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they live in colonies. As the colonies expand and ‘grow upwards the 
Older organisms decay and their skeletons constitute the limestone 
deposits which form wal,-like structures called reefs. A reef is a belt 
along which the corals live, their skeleton building up a platform on 
Which the colony flourishes. Coral reefs are of common occurrence 
in the warm, shallow waters of the tropical and sub-tropical oceans 
especially in the Pacific Ocean. Modem reef building corals are 
confined to clear waters with a temperature that does not fall below 
68°F and a depth that varies from a little below mean sea level to about 
150 ft. The most suitable place for the growth of a reef is towards 
Open sea, where waves bring food, oxygen and the necessary calcium 
for the skeletons. 


Massive reefs built along the shore are called fringing reefs. 
Those that are separated from the shore by a channel or lagoon are 
known as barrier reefs. Those that surrounded lagoons and 
more or less circular in 
Shape are known as atolls. 
According to Darwin the 
fringing reef which grows 
Chiefly towards sea, is 
Changed to a barrier reef 
Separated. from mainland 
\y a lagoon as the island 
Sinks; and then as the 
Island sinks further and is 
Submerged below sea level 
the corals continue to 
build up the fringing reef 
and it becomes an atoll. 


Atolls of Laccadive and 
Maldive Islands in the 
Indian Ocean: are built up 
Of recent corals. Corals 
Seen near Andaman and 
Nicobar Islands form 
Massive rocks. Reefs made 
entirely of skeletons of the. 


Fig. 9. Coral Islands. 
Cora] organisms are sometimes very extensive. As for example, the 
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Great Barriers Reef of Australia which has a length of 1200 miles 
‘along the north eastern coast. 


DIASTROPHISM 
So far we have studied about the work of the external agencies 
of the sun in Shaping the outer shell 
cesses of Weathering and erosion are 
es, the changes Produced by them in 
fourse of ages are Stupendous and marked. It is these processes 
Which are Partly responsible for the greater dynamic movements such 
subsidence and elevation of land regions to 


Testore isostatic equilibrium, €.8., the Himalayas and the Gangetic 
Plains, 


The dynamic Movements such as earthquakes, volcanic 
eruptions, mount, 


ain building etc. Are sudden and violent in character 
Produced by them 


tegration of radioactive 
St of thecearth. “These greater move- 
th are known by different names such as orogenic 


diastrophism and tectonic 
Producing and epeiros— mainland). 


a few miles of the surface, often 
Breat masses like faults. EY 


The fracture in the rock which Causes a tec 
the result of elastic strain Sreater than th 
Stand. The carthquake i 


displacement 
USt. Local Ecological features 
Of earthquake Shock, i.e., the 
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earthquakes cause more damages in the areas of unconsolidated 
materials than in those with solid rocks exposed at the surface. 


Rossi-forel Scale of Intensities of Earthquake Shocks 


1. Microseismic shock—recorded by a single seismograph or by 
seismograph of the same model but not by several seismographs of 
different kinds; felt by an experienced observer. 


J 2. Extremely feeble shock—recorded by several seismographs of 
different kinds; felt by a small number of persons at rest. 


3. Very feeble shock—felt by several . persons at rest; strong 
enough for the direction or duration to be recorded. 


4. Feeble shock—felt by persons in motion; disturbance of the 
movable objects, doors, windows, cracking of ceilings. 


5. Shock of moderate intensily—felt generally by everyone, 
disturbance of furniture, beds, etc., ringing of some bells. 


6. Fairly strong shock—general awakening of those asleep; 
general ringing of bells, oscillation of chandeliers, stoping of clocks, 
Visible swinging of trees and shrubs; some startled persons leave their 
dwellings. 


7. Strong shock—overthrow of movable objects, fall of plaster, 
ringing of church bells; general panic without damage to buildings. 


8. Very strong shock—fall of chimneys, cracks in the walls of 
buildings 

9. Extremely strong shock—partial or total destruction of some 
buildings. 

10. Shock of extreme intensify—great disaster; ruins; disturbance 
of the strata, fissures in the ground; rocks fall from mountains. 


Slight disturbances are called carth tremors. The earthquakes 
arc violent carth tremors. The earthquake is propagated outwards 
from the place of disturbunce called the focus or seismic centre in 
every direction. A portion on the surface of the earth which is verti- 
cally above the place of the origin or seismic centre is called 


the epicentre or epifocus. 


fee: MDE" LLHEO 
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The instrument used for recordin, 
known as seismograph. The vibrati 
Paper and the diagram Produced is kn. 
the seisnographs are quite simple. 
pendulum with a long period. A 
much simplified diagram of one is 
shown here. A heavy weight P 
is suspended bya Spring from a 
rigid frame E firmly fastened to 
the earth often by means of pillar 
Of concrete resting directly on 
bed rock, On a platform of this 
frame is a revolving drum D. A 
stylus S attached to the weight 
fests against a sheet of Paper 
Wound around the drum. When 
An earthquake Occurs the frame 


drum will Oscillate a bit whi 


8 the vibration of earth crust is 
ONS are recorded on a strip of 
OWn as seismogram. In principle, 
A seismograph is essentially a 


Such a record from a 
from the Observatory, 
curved line mark the 
up the usual record. 
travels fastest 


jen) Wave trains that make 
1S called i i 
and arrives first. The et eda SS 


second is called a secondary 
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wave and the third a long wave. It is noted that these waves are 
separated from each other on the seismogram by time intervals which 
increase as the distance from the disturbance to the observatory 
increases. Thus at an observatory a.few hundred miles from the 
earthquake the times of arrival of waves may differ by only a few 
minutes whereas from more 


distant earthquakes they are I 
separated by greater intervals. 
The epicentre of an earth- 
quake can be fixed by the study 
of the interval between ‘S’ and 
‘P’ waves of the three recordings 


received from three different 
Observatories as illustrated in the 


figure 12. (i 
; { ২ / 
The major earthquake regions [? 


of the world are the circum 
Pacific region and along the 
Alpine-Himalayan mountain 
System. These are generally 
Zones of large gravitational 
anomalies in the crust of the Fig. 12. 
earth. The majority of Indian 
earthquakes occurred along the Himalayan mountain belt. 


The important Indian earthquakes are as follows :— 


Delhi 1720 
Calcutta 1737 
Kashmir 1885 
Assam 1897 
Kangra Himalayas 1905 
North Bihar 1934 
AGsdm 1950, 1952 


All these areas are in the zone of weakness and strain implied 
by severe crumpling of the rock beds in the elevation of Himalayas. 
The earthquake shocks experienced in the peninsula are generally 
Yuite feeble. Occasionally such shocks are felt in some parts oft 
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the peninsula Particularly around 
be that the faults along the Western 


in 
completely equilibrium. Th Severe earthquake that occurred 1 


ট e 
Koynanagar on lth Dec. °67 is described to be something strang 
and quite new in the Deccan Tegion which 


is considered to be Hist 

stable and described 2S one of the shield Areas of the world. Ti 

has necessitated the reorientation of the ideas of the stability of th 
eccan Plateau. 


its Margin. The reason nd 
Coast have not yet attain 


Resisting Structures. In countries where earth- 
quently, i i 


ডী 5 0 
dings are now designed to 
the most Severe shocks 5 


5 & concrete raft foundation Should be used. Tr 
ge buildings Should not exceed 100 feet and heavy loa 

near the top like heavy: Stonework ir copings should be avoided. 
Bridges Present Special j 


se i % 
Problems iri Seismic regions. During the Biha 
carthquake of 1934, it Was foun, a p 
ations had Stood yu 


d that bridges with Screw pile four 
P best to the Shock While brick arches were easily 
broken and girder bridges Supported 
n house c i 


On stonework piers also fale 
and Cc imneys are recommendec 1 
ডি And laid in dry mortar failed while walls lai 
Vr bricks Stood the test better. einforced concrete 
s Eativ, Y Stable. € most secure Houser isy 0 
that will move 45 a unit. i Ortant also to use fireproof building 
Tes are a Common result of earth- 
Based on the 
furnished by seis 
way that they 
The School of 
India is Carrying ou 
lurge earthquakes. 
Institute is to design 
loss of life during ear 


informati 


he Seismicity of the TEBIOD 

; engineers design Structures in such a 

“an withstand destructive Power of the earthquake. 

al esearch ang taining, at Roorkee in 

‘Buildings can be designed to stand 

The ane Wil Be hs The main aim of the 

buildings in such a Way that they can minimise 
thquake and keep Costs down. 
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Study of seismic records has revealed important facts about the 
Structure of the earth’s interior. Principles of seismology are 
Successfully applied to locate hidden structural features that are 
important in the search for petroleum and ore deposits and also. 
in site investigations. 


VOLCANOES 


Volcanism includes all phenomena that are connected with 
molten rock matter and its movements. Interior of the earth is very 
hot and at some places the heat is sufficiently great to melt the solid 
rocks. Due to the compressive stresses of diastrophism heat is 
Benerated. This heat may also be due to radioactive processes, with 
the result that bodies of earth material fuse, despite the pressure to 
Which they are subjected. Once the material is in a liquid state its 
density is decreased and it tends to rise towards the surface. Asit 
rises, it continuously enters regions of less pressure, and consequently 
the heat it carries with it may be sufficient. to liquefy some of cnn 
rocks it passes through thus adding to its volume. All the liquid 
mass may not reach the surface. The greater part of the Volcanism 
1S a subterranean phenomenon. When the molten matter solidifies 
before it reaches the earth surface, it forms an intrusive rock. IFit 
1S poured out upon the surface it is extrusive. 


A volcano is a opening in the earth’s surface through which hot 
rocks are thrown out. The rocks may be expelled in a fluid state 8s 
lavas or as solid rock fragments. Nearly always steam and other 
Bases are ejected with the rocks and lavas. If solid matter or lavas 
Accumulate around the opening they build up a cone which increases 
in size and becomes a hill or mountain. 


The volcanoes best known to us are more or less conical hills 
With craters at the top from which regularly or occasionally clouds 
Of steam or other gases are ejected. There are many kinds of 
Volcanoes. Some only give rise to a single eruption and are not 
known to break out again (Monte Nuvo near Naples); some erupt 
violently and do enormous damage but only at long intervals 
(Vesuvius, Etna and Krakatoa); others have frequent and regular 
eruption of much milder type (Stromboli). The active volcanoes are 
distributed in belts, some of which are extended parallel to the 
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borders of the continents and the. almost complete ring round the 
Pacific Ocean is known as the “pacific ring of fire’”. Volcanoes are 
much less abundant around the Atlantic. 


Dormant voicanoes are those which 
during historic times, but still show fairly fresh signs of activity and 
have obviously been active in geologically recent times. Other 
Volcanoes which are formerly active are declining in activity, some of 
them emitting only steam and other Bases. Geysers are hot springs 
from which water is expelled Vigorously at intervals. They are 
characteristic of some regions of declining. volcanic activity and are 


situated in Iceland, the Yellowstone Park in U.S.A. and in New. 
Zealand. 


have had no eruptions 


In contrast to the cent 


Tal type of eruption there are eruptions 
Of great lava flows quietly 


Pouring out from fissures developed on the 
Surface of the earth. No explosive outburst accompany these 
Cruptions. They are known 8s fissure eruptions, €.g., Deccan 
Trap formations in India. 


MOUNTAINS 


Volcanic mountains are fo | 
rmed due to the accumulation 


ic products i ন oY 
€.8., Kilimanjaro in Afri ‘ufo heaps of FASHLtAIDOUS SU 


South America. TP, Vesuvius in Europe and Kotapaxi in 


Po i EEE are formed due to Weathering and erosion 
SEE Ler eS a Cy are not mountains in the true sense 

! as they are Tothing but the Tfemnants of the original 
Plateau, which escaped erosion. Hence, they are known as 


relict mountains e.g., Western G H 
: y al : 
Peninsular India. hats and Eastern Ghats ‘in 
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be to such movements. These mountains came into existence due 

De EE of a great sea basin and they are chiefly made of thick 

চৰ টন FAM rocks. As evidence of their origin we find in 

bi e ossils, the remains of dead organisms which lived in sea 
ring the period of sedimentation. 


ক The origin of these fold mountains can be explained thus. 
irst the sediments were deposited in a large sea basin known as 
Se0syncline. During this process, the pressure of accumulated 
Sediments on the oceanic floor increased and caused rupture, resul- 
ting in sliding in of the adjacent parts of the continental masses. 
The sediments which were laid in horizontal layers thus got folded 
due to lateral pressure exerted by the continental masses. The 
broken parts of the oceanic floor sank into basaltic substratum and 


Fig. 13. Formation of fold mountains. 


n the interior of the earth. This produced 
d as a consequence the folded rocks got 


Bot liquefied due to heat i 
change in the volume an 
uplifted as high lands above the sea. 


ORIGIN OF THE EARTH 


man has pondered over the question of 


Since very early times 
many theories put forward, 


the origin of the earth an¢ amongst the 


three of them are important. 
was proposed by the German philoso- 


Nebular hypothesis :—This ১0s 
French Mathematician, Laplace. According to 


this hypothesis, the earth originated along with other planets from 
diameter was considerably larger than the 
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present diameter of Pluto’s orbit. 
movement for this nebula and as a 
cooling and shrinking nebula. 


Laplace postulated a rotationat 
result of this, it was then a 


As its speed of rotation increased 
ed at the equator. 


Each of the successive Tings collapsed, but while the planets 
thus formed were Still gaseous, they too developed rings out 
of which satellites were formed 


as their parents had Originated before. 
the disruption of one 


single one and the 
Shrunken nebula. 
the most widely 
century (1796). 


into planets. Moreo 


E reak up 
i ne Ver this hypothesis fails to explain the differences 
in densities of Planets. 
Cloud dust theory :_This Was proposed b 
a German Astronomer. i 


tary bodies Would have e ° aggregation of fine dust par- 
ticles Originally Scattered through th 


€ entire repi ied 
by the Planetary System. dhe, LoWuoccup 


ped on 
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the opposite sides of the sun such as tidal bulges are heaped up in 
our oceans by the moon’s attraction. But according to Chamberlin 
and Moulton the explosive forces in the sun also aided in its tidal 
disruption. The sun has two great unstable belts which encircle it 
On either side of the solar equator. In these two great belts the 
solar prominences are clearly seen at present. Imagining that these 
belts were also in existence some billions of years ago, as the distur- 
bing star approached the sun two gaseous jets or bolts were shot out 
from the sun’s nearest eruptive belt. Ten bolts in all were erupted 
from the sun in rapid succession and pulled into orbits around 
the sun as the star. receded. The five great tides on the side of the sun 
towards the star have developed into five larger, lighter and more 
distinct bodies (major planets) while the tides on the opposite side 
of the sun developed into five inner, denser and smaller pianets 
(minor planets). 


Major planets. Neptune, Uranus, Saturn, Jupiter and Pinto. 
Minor planets. Mars, Earth, Venus, Mercury and Planetoids. 


Although each bolt was gaseous when it left the sun it soon 
condensed and formed into liquid and solid particles called 
Planetesimals. The mid portion of the swarm of the particles forme 
the nucleus of the planet. The planets have been built up to their 
present sizes by the slow accretion of solid planetesimals to the 
Original nuclei. Some of the meteorites which blaze our skies 
to-day are planetesimals which the earth is only now picking up. 
Satellites were formed as secondary nuclei like planets by addition 
Of planetesimals. Since the planets were formeli by the accumulation 
Of Pplanetesimals this theorv is known as’ planetesimal hypothesis. 
Though this hypothesis ffers an explanation for the distribution and 
spacing of large and small planets, yet in this theory also many 
defects have been pointed out; The main objection to this hypothesis 
is found in the density stratification of the earth which seems to be 
the natural result of the cooling of a once molten globe. 


Tidal theory :—Two English physicists, Jeffreys and Jeans offered a 
new theory known as tidal theory which is only a modification of the 
Planetesima] hypothesis. Lue to the close approach of the passirg 
Star, tidal forces were produced which were sufficient enough to 


Cause separation of matter from the sun, and from the star As well. 
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No matter was ejected from the Opposite side of the Sun; the matter 
between the sun and star was Pulled out as the star receded into an 
elongated ribbon, the shape being thickest in the middle and tapering 
€ 4 cigar). Such a ribbon would be 
unstable and would break up into separate masses which the star’s 
attraction would set in motion around the sun. These masses, at first, 
fluid and very hot, would have cooled to form the present planets. 


The evidence for this theory is quite gO0d. In the first place 
the cigar-shaped filament, thickest in the middle, corresponds pretty 
well with observed sizes of the planets. For, if we imagine the 
Planets lying in a Straight line from the Sun, in the order of their 
distances, the largest planets, Jupiter and Saturn, occur about 
the middle of this line. In either direction from the middle, towards 
OF away from the sun, the Planets tail off in size approximately, at 
Any rate. They would fit fairly well into a Cigar-sihiaped filament. 


us that on one point and One only do the 
that the earth’ 


It may be concluded th 
Various theories agree, Viz., 
the origin of the Solar syste 
small planet should be the s 


as that of other Planets and their Satellites. 


AGE OF THE EARTH 


Several methods are available for estimating the age of the earth 
dnd they are all based on one Common principle. The rate at which 
Some process is ong on at p i 

sible and the Average change 


the total effect produced by th 


71 Seas, suggest ages of about 
300,000,000 years, Whatever Dr. এ idered, 
the deposition of sediments or the “ Process is conside 


Accumulation of Salt, there 
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Soe the difficulty that its rate has not been uniform throughout. 

EEE these calculations produced reliable results, still the solu- 

te would be incomplete, for the earth must have existed before 
oceans occupied their basins and mountains originated. 


Tt? Kelvin tried to solve the problem by calculating the time 
He ad elapsed since the earth’s surface was too. hot for the con- 
EON of the oceans or for the habitation of living beings. He 
চি imated that more than 40 million years could have escaped 
ince the molten earth solidified. After the discovery of the element 
tadium, its properties and its presence in rocks, the idea that the 
earth was only a cooling body, was abandoned. It was then con- 
cluded that the age of the earth must be more than that estimated 


by Kelvin. 


Lead Uranium method :_Uranium is & radioactive element 


Which disintegrates at a constant and measurable rate. It gives of 
helium atoms and leaves lead behind. It is estimated that 1 gm. of 
Uranium wit yield 1/7400 million gm. of lead in one year. By 
Measuring the amount of uranium and lead in a specimen of ura- 
Dium-bearing rock, scientists can calculate the ratio of the two and 
get the number of years ago that the uranium Was formed in pure 


State. Uranium is contained in certain kinds of rocks of which 
far tested was 


Pitchblende is the most important. The oldest rock SO 

Waninite from Russia, POT ted to be 1,800,000,000 years old. 

REED also disintegrates and similar calculation may be made 
mM its disintegration. 


Astronomical methods. Inferences are drawn from the shape of 


the oibits of various planets and satellites. The orbits do not change 
at uniform rates but their changes are determined by known laws sO 
that the mathematicians can calculate the rates at which changes 
Occurred under past conditions and hence by totalling up, Can deduce 


the time needed to establish the present conditions. 


age as 10,000 million years. from the orbit of 
s from the orbit of moon. 

f the earth 
about 
es of 


Jeffreys gives the 
mercury and about 4000 million year: 
rih’s rotation. The rotation ©! 
d the day is becoming longer by 
The change affects observed tim 


| Tidal retardation of ea 
is not absolutely uniform an 
One second in 120,000 years. 
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ancient eclipses to a measurable extent. 


The explanation depends 
On the tides produced by the sun and moon. 


A reaction on the moon 


duake Waves has furnished the most reliable 
the Carth’s interior 


Ba : The carthquake vibrations 
ee PES at varyin distances fi- uake 
centre, HELE Significant a; [4 fiom an earthq 


ৰ erences in the clastic behaviour of the 
materials through which they trayel. 


All known evidences indicate convincingly that the earth has 
a density stratification with € heaviest Material near the centre and 
the lightest near the surface. tis considered from this arransement 
that the earth passed through a olten Stage during the early ET of 
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its history and gravity caused most of the heavy metal to settle 
towards the centre and progressively lighter substances formed 

spherical shells between the core and 
Rock fia) surface. According to this view the 


pt earth is conceived as the result 
Dense 
Silicate s (Simo) 
d=4 ¢ ) 


of a gigantic metallurgical operation 
analogous to a smelter furnace. Ina 
smelter furnace, when 2 large mass of 
ore is smelted, the metal settles to the 
bottom of the container, while directly 
above it, is formed a layer of sulphide 
and oxide over which floats at the top 
the lighter materials, slag made of the 
molten rock 


From the above it is inferred that 
the shell 1200 miles thick, extending 
from a depth of 600 miles to the 
metallic core is composed of metallic 
Fi sulphides and oxides with an average 
? S80: Barth Ee te density of 5.6. This inferred composi- 
tion affords satisfactory explanation to the decline in the rate of 
increase of the earthquake velocities below the 600 miles level. 
The evidence from earthquakes indicates that there is a zone of dense 
Silicates extending from the zone of metallic sulphides and oxides to 
the surface with an average density of 4. The outermost shell which 
is a few tens of miles thick is composed of rocks; basalt and gabbro 
types occurring at the bottom with granitic rocks overlying them 
With an average density of 2.7. 
It should be remembered that the entire conception is an 
hypothesis, no part of which is subject to direct proof at present 
and it is based entirely on the observations msde at the surface. 


QUESTIONS 
Group-A 


I. Match the word or phrase in the left column with the correct 


word in the right column. 


1. Fissure Eruption 
2. Volcanic Mountains 


a. Eastern Ghats 
b. Sial 
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3. Coral reef c. Mountain building move- 


ments 


4. Isostasy d. Origin of the Earth 
5. Lead uranium method e. Age of the Earth 
6. Planetesimal hypothesis f- River Erosion 

7. Earth’s Crust £. Earthquakes 

8. Cirque A. Glaciers 

9. Break-waters i. Vesuvius 

10. Pot holes J. Atoll 

11. Erosional Mountains Kk. Deccan traps 

12. Epicentre ৷ 


Coast protection 
Il. Decide whether the 


following Statements are 
Word the false state 


true or false. Re- 
ments to make them true. 


(1) A Peneplain is characteristic of a landscape during old 
Age stage in a river valley. 
(2) Over 90 Percent of ft 


(3) Alpsand Himalayas 

(4) Geysers are characteristic of Some regions of declining 
Volcanic activity. 

(5) Our knowled 


— 


(6) A good beach se 


the land as it absorbs the im 
against it. 
7) Study of Seismic 


(8) The Profile of a glaci. 
(9) 


(10) The tidal theory p 


Y two English Physicists, 
Jeffreys ang Jeans is only a modification of the Nebular 
hypothesis. 


Group-B 
I. What is meant by Weathering? 3d yr 
and their constituents. Describe its effects On roc 


Ii. 
Ill. 


VII. 
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Write an essay on ‘River as a Geological Agent’. 

(a) Commercial traffic between nations having coast lines de- 
mand existence and maintenance of good harbours and the 
preservation of shorelines—Comment. 

(6b) Discuss briefly the various methods adopted in coastal 
protection. 


arthquakes occur frequently and why? Des- 


In India where do ¢ 
bridges 


cribe the methods adopted in the design of buildings, 
etc., in seismic regions. 


Discuss the various theories that explain the origin of the earth. 


Give an account of the more important views regarding the age 


of the earth. 


Write a short essay on the nature of the interior of the earth. 


Write notes on : 

1. Exfoliation 2. River piracy 3. Differential Erosion 4. 
Run off 5. Barchans 6. Roches mountonnees 7. Atoll 8. 
Spit and bar 9. Seismogram and Seismograph 10. River 


terraces. 


Give a detailed account of the following : 
(a) Formation of soils 

(b) Reclamation of desert lands 

(c) Coral Islands 


Discinguish between the following groups of features : 
(a) a young and mature valley, 

(b) a glaciated aud river valley, 

(c) a submerged and emerged coast line. 


CHAPTER Ill 


MINERALOGY 


A mineral ‘is naturally occurring homogeneous inorganic 
Substance having distinctive Physical properties and a more or ‘or 
definite chemical composition. Coal and petroleum, though 0 
Organic origin are also included Among minerals. Almost all minerals 


TCury, water and mineral oil 
(petroleum). 


Minerals are to a large extent the units Which make up the rocks 
of the earth’s crust or the Outer shell. Many of them are useful to 
man. A knowledge of minerals is obvi 


’ Morphological and chemical. The classifica 


Many minerals have 


Composition. For all minerals it is definite 


Microscopic examination of Mineral slides is Necessary for the 


metallic minerals as the optical Properties 
Cription and determination of minerals. 


Sence of one anot 


After the properties of a Mineral are ascerainea and the mineral 
determined, there yet remains the facts of ; 
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tion and the problem of its origin. The occurrence of certain 
minerals in certain rocks and mineral deposits is characteristic and 
the mineral associations are more or less typical. 


In this chapter, the study of minerals is treated under the 
PEovng heads:—(1) Crystallography and (2) Descriptive Minera- 
ogy. 


CRYSTALLOGRAPHY 


The great majority of minerals when the conditions of formation 
are favourable, occur in definite and characteristic geometric forms 
known as crystals. The word crystal has been derived from the Greek 


Word krystallos meaning clear ice. Quartz is one of the minerals that 


usually occur in forms having characteristic shape, being bounded by 
of this mineral and the occurrence 


flat faces. From the transparency 

in it of included material it was thought by the ancient Greeks that 
quartz resulted from the freezing of water under intense cold and 
hence the name krystallos. In course of time by a natural extension 
Of the term krystallos came to signify any mineral showing such 


Beometric forms. 


The study of crystals is called crystallography. Crystals are 
bodies bounded by surfaces usually flat, arranged on a definite PIS 
Which is an expression of an orderly internal arrangement of the 
atoms. Minerals occur as crystals and they are formed by the solidi- 
fication from the gaseous or liquid states or from solutions—a process 
known as crystallisation. 


. When a mineral exhibits definite molecular structure even though 
it may not have external crystalline form, it is described to be 
Crystalline. The crystalline structure of some minerals appears 
indistinctly even under the microscope and it is called cryptocrystalline. 

he term amorphous is applied to those minerals in which definite 
molecular structure is entirely wanting. 


Symmetry: All crystals show by the arrangement of their 
faces a‘ definite symmetry which enables one to group them into 
different classes. The degree of symmetry varies in different minerals 
and it is defined with reference to three criteria of symmetry. 0) 
Plane of symmetry, (2) Axis of symmetry and (3) Centre of symmetry. 
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Plane of Symmetry: A plane of 
symmetry divides a crystal into two similar 
and similarly placed halves. In other words, 
Such a plane divides the crystal so that one 
half is the mirror image of the other. Planes 
of symmetry can be illustrated by consider- 
ing a cube. A cube has nine planes each of 
Which divides it into two halves so that one 
half is the reflection of the other. The 
traces of these nine Planes are indicated on 
the faces of the cube in the figure 16. 


Two times 7 Two fold or diagonal 
Three times _ Three fold or trigonal 
Four times 


Ur Four fold or tetragonal 
Six times Six fold or hexagonal 


Fig. 17. Axes of Symmetry of the cube: 
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Centre of Symmetry. A crystal is said co have centre of 
symmetry if an imaginary line can be passed from any point on its 
Surface through its centre and a similar point can be found on the 
line at an equal distance beyond the centre. 


Classes of Symmetry. Different combinations of the various 
Symmetry elements just described give rise to thirty-two distinct 
crystal classes (from theoretical considertions, it has been shown 
that these comprise all possible symmetry classes of crystals). These 
thirty-two classes may be grouped further into six systems, the 
Classes of each system having certain close relations to one another. 
Of the thirty-two possible crystal classes the majority are of little 
interest to the mineralogist, since practically al! known mineral 
species can be placed in one of ten or twelve classes. Tn the table 
Eiven on the page 4land figurel9 are listed the crystal systems with 
mineral examples. 


Crystallographic Notation. In the description of a crystal 
especially in regard to the position of its faces it is found convenient 
to assume certain lines passing through the centre of the ideal crystal 
as a basis of reference. These lines are called the crystallographic 
axes. Their directions are to a greater or lesser extent fixed by the 
Symmetry of a crystal. Each one of the six systems has got several 
Classes differing among themselves in their symmetry. One of these 
Classes is convenienty called the normal class since it is common and 
exhibits the highest degree of symmetry possible for the given system 
While the other classes are lower in degree of symmetry. 


Crystal form. In cubic or isometric system the various crystal forms 
have individual names viz., Cube, Octahedron, Hexoctahedron etc. 
In other systems, the forms are referred to as, Base, Prism, Pyramid, 
Dome, etc. and they usually occur in combination. Base is that form 
Which meets only the vertical axis and parallel to other axes. Prisms 
are those which meets the two horizontal axes and parallel to the verti- 
cal axis. Pyramid is one which meets all the three crystallographic 
axes. In orthorhombic monoclinic and triclinic systems where all the 
three axes are unequal, a face inclined to all three axes is known as & 
Pyramid. A face which cuts any one of the three axes and parallel to 
the other two is termed as a pinacoid; if the face is cutting ‘a’ axis. 
that is called a-pinacoid or macro pinacoid in orthorhombic 
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System in which ‘a’ axis is called brachy axis and ‘b’ 


axis as macro 
axis. The pinacoids and domes are 


designated as brachy and macru 
parallel. A dome is one which cuts one 
vertical axis, and parallel to the other 
tal axis, which is parallel to a dome is 
» that is called brachy dome in orthorhombic 
ombic crystal of olivine is illustrated for example 
S indicated in the figure 18 below :— 


<: ১ 


horizontal axis. If the horizon 
a-axis or brachy axis 
System. A orthorh: 
with its various face: 


CV 


Fig. 18. Olivine Crystal. 
2=—Macropinacoid b= Brachypinacoid 
C=Basal pinacoid m=Prism 
d=Macrodome K=Brachydome e=Pyramid 


! In the description of faces and in the determination of theif 
position and Angular inclination certain lengths of these axes af¢ 
assumed as Units, € Parameters of a Plane consist of a series © 
EDEL WHICH express the relative interce ts of n the 
crystallographic axes. Pts of that plane upo! 


. hey are ex TES: . bli“ 
shed unit lengths of these axes. SRG In terms of the esta 
Sions derived from t ani 
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TABLE OF CRYSTAL SYSTEMS 


System Axes Mineral 
Examples 
Te (on) 3 equal axes at right Garnet, leucite 
metric angles to one another flourspar, rock-salt, 
pyrite, magnetite 
Tetragonal 3 axes at right angles; Zircon, cassiterite 
two equal and horizon- idocrase 
tal, one vertical axis 
longer or shorter than 
ET the others 
Hexagonal 4 axes; three equal and Quartz,  nepheline, 
horizontal; and spaced apatite, calcite, 
at equal intervals, one tourmaline, beryl 
vertical axis 
————_—_- 
Eo 3 axes at right angles, Olivine, enstatite, 
ombic all unequal barytes, topaz, 
3 sulphur 
Monoclinic 3 unequal axes; the Orthoclase, micas 
vertical axis (c) and hornblende,  augite 
one horizontal axis gypsum 
(b) at right angles, the 
third axis (a) inclined in 
the_ plane normal to (b). 
Triclinic 3 unequal axes, no two Plagioclase felspars, 
PEC at right angles axinite, kyanite 


Rt X-ray study of crystals has established the ge 
g io between the intercepts on the axes for the di 
Tystal can always be expressed by rational number 


t 00 etc. and never 1: V2 etc. 


al 
Ways be either whole numbers or Zero. 


tr Stereographic Projection: 
the methods to exhibit the symme 
eadily by illustration. The axis of binary, 


neral law that the 
fferent faces on 4 
S:as 1:2, 27:3, 


Hence the Miller's symbols must 


The stereographic projection is one 
try of any one of the crystal classes 
trigonal, tetragonal and 


1 
Ld 
a 


HEXAGONAL 


Fig. 19. Crystal systems 
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hexagonal symmetry are shown respectively by the following signs : 


PAL 


A plane of symmetry is indicated by a full line and if the plane of 
Symmetry is wanting it is shown by a dotted line. The position of the 
crystallographic axes is marked by the arrows at the extremities of the 
lines. The presence of a face in the upper half of the crystal (above 
the piane of projection) is shown by a cross, one below by a circle. If 
both the faces are present in a vertical zone of a crystal, double sign a 
cross with in the circle is used. 

Of the thirty two crystal classes (of the six systems) the important 
classes and the typical crystal forms are given below. The ‘symmetry 
Of the important classes is also illustrated by means of stereographic 


Projection. 

System Class Forms present 

Isometric Normal Class Cube, Octahedron 

System (Galena type) Dodecahedron, Tetrahexa- 
hedron, Trisoctahedron, 
Trapezohedron, 
Hexoctahedron 


Cubic System- Normal Class 
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Cubic System L Pyritohedral Class 


Fig. 21. 
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MINERALOGY 
System Class Forms present 
Pyritohedral Class Pyritohedron 
(Pyrite type) Diploid 
Tetrahedral Class Tetrahedron, tetragonal— 
(Tetrahedrite type) Tristetrahedron, Trigo- 
nal—Tristetrahedron, 
Hextetrahedron 
Plagiohedral Class Plagiohedron 
(Cuprite type) 
2 < টী 
“ TS ~~ 
১ 
fA (6) jf Hr ৰ, BR 
/ N + |] O\ / \ 
SYS 
নক -- 4? 0 
af -- 
RL 3! SY / el (6) O 0 ৷ 
যে 2 re iY SX ¢ 
ৰ a YA ~ 
b A 82 | A 
নট { { ! 
Cubic System 
- Plagiohedral ‘Class 
Fig. 23. 
Tetragonal Normal Class Base or Basal pinacoid 
System (Zircon type) Prism of the First order 
Prism of the Second order 
Ditetragonal Prism 
Pyramid of the First order 
Pyramid of the Second 
order 


Ditetragonal Pyramid 


exagonal System 
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Systers Class Forms present 
Tripyramidal Class 
(Scheelite type) Prism and Pyramid of 
the third order 
Pyramidal Hemimorphic Es Ee 
Class 
(Wulfenite type) 
Sphenoidal Class Sphenoid, Tetragonal 
(Chalcopyrite type) Scalenohedron 
Trapezohedral Class Tetragonal trapezohed- 
(Nickel Sulphate type) ron y 
Hexagonal Normal Class Base or Basal pinacoid 
ystem Beryl type Prism of the First order 
Prism of the Second order 
Dihexagonal Prism 
Pyramid of the First 
order 
Pyramid of the Second 
order 
Dihexagonal Pyramid 
Hemimorphic Class av ce 
Tripyramidal class Prism and pyramid of 
(Apatite type) the Third order 
Pyramidal Hemimorphic 5 re 
Class 
(Nephelite type) 
Trapezohedral Class Hexagonal Trapezohed: 
(B Quartz type) ron 
Rhombohedral Rhombohedral Class Rhombohedron 
Vision (Calcite type) Scalenohedron 
Rhombohedral 
Hemimorphic Class ss 2) 
(Tourmaline type) 
Trirhombobedral class Rhombohedron of the 
(Phenacite type) Third order 
Trapezohedral Class 
Trigonal Trapezobedron 


(«= Quartz type) 
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Hexagonal System 
- Rhombohedral Class 


Fis. 26. 


® 


Orthorhombic System - Normal Class 


Fig. 27. 
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System 


Class Forms Present 
রে thorhombic Normal Class Base or €. Pinacoid 
Stem (Barite type) Macropinacoid or 
a. Pinacoid 


Brachy pinacoid or 
b. pinacoid 


Prisms 
Macrodomes 
Brachydomes 
Pyramids 
Hemimorphic Class 
(Calamine type) চও 
Sphenoidal class Sphenoid 


(Epsomite type) 


Monoclinic System - Normal Class 


Fig. 28. 
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System 


Monoclinic 
System 


Triclinic 
System 
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re Eee — FE 


Class Forms Present 


Normal Class Base or c. Pinacoid 
(Gypsum type) Orthopinacoid Or 
a. pinacoid 
Clino pinacoid or 
b. pinacoid 
Prisms 
Orthodome 
Clino dome 
Pyramids 
Normal Class Base or c. pinacoid 
(Axinite type) Macropinacoid or 
a. pinacoid 
Brachy pinacoid or 
b. pinacoid 
Prisms, Macrodomes, 
Brachy domes, Pyramids. 


‘ 
‘ 
[ Io by 
[] 
ES) |) 
! O 2 ARS : 
| oe + [ 
[] i) 3 [] 
- [] 
|) 1] ‘ 
৷ ‘ 
bh) # 
সদ, | 5 
bb) 
bY [| A 
AES ] Ed 
~~ 


Triclinic System - Normal Class 


Fig. 29. 
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RE or i Crystals: Crystals commonly occur in 
OG eae individuals composing any group may have various . 
eer i other. In the majority of cases these relations are 
ees and depend upon the accidental conditions of growth. In 
CEE i the relations of the individual crystals to each other are 
ln ন conform to some law. If all faces, edges etc., of one 
TL ual are parauel to the similar elements of a second individual, 
RE are said to exhibit parallel growth or grouping.. When, 
fine two individuals grow together with only a part of their 
হা r faces, edges etc., in parallel positions they are said to form a 
crystal or group. ' 

Hi crystals may be defined as the intergrowth of two or more 
ৰ iduals. They consist of two or more portions consisting of the 

e substance, that are joined together in such a way that some 
es 3 ceranhic direction or plane is common to the parts of the 

n. In twin crystals, one part is in reverse position to the other 
Part, or the second half of the twin may be conceived as produced 


lal Ib] 
Fig. 30.Twin crystals. রর 
[a] Fluorite — penetration twin 
[b] Staurolite —  crosntwin 
[c] Gypsum _ swallow tail twin 


by the rotation about some line of one half of the crystal through an 
angle of 180°. They often appear externally to consist of two or more 
Crystals symmetrically united and sometimes have the form of a 
Cross or star. Examples are shown in figure 30. 


DESCRIPTIVE MINERALOGY 
PHYSICAL PROPERTIES 


colour, lustre, Structure, harduess, 


Included under this head are 
tenacity, odour and taste. 


cle ; 
AVage, fracture, specific gravity, 
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Colour: It is very useful in identifying minerals in spite of the 


Lustre: It is the Appearance of a fresh surface of a mineral 
in Ordinary reflected light. It may be 

metallic as in galena and Pyrite, 

Glassy or Vitreous as in quartz, 

resinous or Sreasy as in opal, 

Pearly as in talc, and 


silky as in fibrous.minerals Such as asbestos. 


Structure: This is a term used to denote the Shape and form 
(State of 28gregation) of minerals. The following are the important . 
terms used to denote the Structures of minerals. 

Columnar for an Aggregate of more or less parallel imperfect 

Prismatic crystals, e.g., tourmaline. 


Bladed for a flat columnar Aggregate, shaped like a knife blade, 
€.g., kyanite. 


Fibrous for an aggregate of fibres which may or may not be 
separable, e.g., asbestos, Eypsum. 

Radiated for columns OF fibres diverging ‘trom central points, 
€.g. celestite. 


Lamellar for a platy Aggregate i.e., the mineral made up of 
separable plates, €.g., chlorite. 


Micaceous for an Aggregate of mineral Which can be Split readily 
into exceedingly thin sheet, e.g., hematite. 


Granular for an aggreg 
Same size, e.g., dolomite. 


Oolitic for an aggregate of small spheres (like fish-roe), 
siliceous oolite. 
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Pisolitic for an aggregate of larger spheres (shot-like), ¢.g-, 
bauxite. 


Botryoidal tor an aggregate like bunch of grapes, ~€.g., 


Psilomelane. 


Mamnmillary for an aggregate composed of low rounded 


Prominences, e.g., chalcedony. 


Reniform for kianey shaped aggrega 
Stalactitic for a cylindrical or conical (icicle-like) form of 


Minerals generally due to deposition by dripping water, €.g., calcite. 
rounded or ellipsoidal 


Nodular (or Concretionary) for irregular, 
umps of minerals, e.g., azurite. 
i Larthy for a uniform aggregate of exceedingly minute particles 
ike those of China clay, ©.g., magnesite. 

Dendritic for tree-like or moss-like form usually produced by 
deposition of minerals from solutions by capillary" action, €.g., 
Manganese oxide (wad). 
ia ‘Coralloidal for mineral 

Arine organisms. 

Pseudomorph (False form). Minerals when crystallise assume 
fefinite and characteristic forms. Occasionally some minerals are 
Fd to exhibit the form of other mineral species and yet differ 
tom them entirely in chemical compcsition. Such forms are known 
as pseudomorphs, These are formed by coating of one mineral on 

C crystals of another, filling uP of cavities.by a different mineral 
atter, substitution of new particles for the original particles or by 
Bradhal chemical change, ¢-£" limonite after pyrite 

Hardness: ot resista eral offers to abrasion or 

Scratching ন Re relati dard scale of ten minerals 
n 
OWn as Moh’s scale of hardness. 


te, e.g., hematite. 


s exhibiting the forms of corals, the 


nce a min 
ve to a Stan. 


jl oF HARDNESS 
1. Tale Mo's scALE 6. Orthocliase 
2: Gypsum 7. Quartz 
3. Calcite 8. Topaz 
a Eh 9. Corundum 
5 EY 10. Diamond 


Apatite 
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” inerals to 
Cleavage: It is the tendency of many crystallised i, ff 
break or split in certain Parallel directions yielding না, Eh, 
Smooth surfaces known as cleavage planes. Some crystals like 


le. 
and garnet have none, 


Parting is Very similar to 


55 
cleavage, but it is due to weakne 
Produced b 


H CI" 
Y Shearing after the formation of crystal. It is oth 
-,» Corundum. 


cleavage in bei 


in no 
Or curved and in 1 
definite Crystal direction. : 


even when the Surface, thou 


gh rough with many small irregula" 
rities," is approximat 


ely a plane, €.8., limestone; 


copper. 


€ hand and throwing it slightly 
up. Accurate determination of the specific Bravity can, however, 
be nade by mechanical means using J 


MINERALUU 1 
of smaller fragments and Walker's steelyard balance in the case of 
larger specimens. 


Jolly’s Spring Balance: This consists 
of a spring suspended vertically against a 
graduated scale. To the lower end of the 
spring are attached two scale pans, one 
below the other, the lower scale pan being 
always immersed in water. The reading a 
of the bottom of the spring on the scale is 
taken, A small fragment of the mineral is 
placed on the upper pan and a second read- 
ing b taken. © The specimen is then trans- 
ferred to the lower pan, and a third reading 
c taken. Then b—a is proportional to the 
weight of the mineral in air and b—c to the 
loss of weight in water so that, specific 

Kk b—a 
gravity = ———-. 

b—c 

Walker’s Steelyard Balance: This con- 
sists of a long graduated beam which is 
Pivoted near one end and counterbalanced 
by a heavy weight suspended from the short 
arm. The specimen is suspended and moved 
along the beam until the beam comes to the 
horizontal position which is observed by a 


mark oi the upright shown on the right of 
the figure. The reading a is taken. The specimen is then immersed 
in water and moved along the beam till the latter comes to horizontal 


Fig. 31. 
Jolly’s spring balance . 


Fig. 32. Walker's steclyard balance. 
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Position. The secon 


5 d bate 
d reading b 1s taken. The readings a an 
inversely Proportion: 


Fi ক- water 
al to the Weights of the body in air and 
1 
Tespectively. Hence Sp. Gr. EE 
Tenacity: The Tesistance Which the 


crushing, bending or tearing —_in Short it. 


ing, 
mineral offers to breakin 
tenacity. It may be 


as 
2 1 
S cohesiveness is know. 


brittle When parts of a mineral s 
attempting to c 


ins on 
ins © 
cparate in powder or erai 
utit, e.g., Sulphur, 


d 
k tene! 
may be cut off and these slices flat 
ammer, e.g i 


"’ Native golg, Silver and copper. 
flexible whe. 
bent 


Il 


aif 
0 the mineral will bend without breaking and rem 
after the bending force is 


* 8.8., talc, selenite and 
1 ্‌থ্‌ e.g 
ductile When the mineral can be drawn into thin wires, 
copper, 
Taste: A few 


more 
ich are Soluble in water have 
Or less characteristic taste Whith 


Are described as follows : 


Odour; : In Eeneral ave no Odour, but frict Tt 
moistening with breath, crushing, heating or attack by acids m 
cause odours Which are described as 


follows: 
Argillececus the odour of Moiste 


ned or heated clay. 
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Bituminous that of minerals containing bitumen such as asphalt. 


Fetid that of rotten eggs. 


Garlic or alliaceous that from ‘arsenic, Obtained by iniction or 
heat from arsenopyrite. 


Horse radish odour obtained by heating ores of selenium.. 


Sulphurous the odour of sulphur dioxide obtained. by rubbing 
Pyrite or heating many sulphides. 


Fluorescence ‘and Phosphorescence: Minerals which become 
luminescent during exposure to ultraviolet light, X-rays or Cathode 
rays are fluorescent. The continued emission of light by a substance 
(not incandescent) produced especially after heating, exposure to 
light or to an electrical discharge is called phosphorescence. 


Fluorescence is shown by some fluorite, the mineral from which 
the property receives its name. The fluorescent colours of difterent 
minerals and different specimens of the same mineral vary greatly. 
Fluorescence is most commonly produced by excitation with ultra- 
‘violet light. This property is having an increasing commercial. and 
industrial significance. Since most scheelite (tungsten ore) fluoresces 
Prospecting for that mineral is frequently carried out at night with 


the aid of ultraviolet light. 


nits which compose 


Rock-forming minerals: Rocks are the u 
s are the 


the earth’s crust or outer-shell of the earth and the mineral 
units which compose the rock masses. Though there are hundreds 
of minerals only a few of them are of common occurrence as rock form 
Ing minerals. 


) The estimates stated in the table given show approximately the 
minerals which compuse the average igneous and sedimentary TOCKS. 
The metamorphic rocks are chemically similar to igneous and sedi- 
mentary rocks. 
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MINERAL COMPOSITION OF AVERAGE IGNEOUS AND SEDIMENTARY 
ROCKS (CLARK AND WASHINGTON) 


Igneous Rocks Sedimentary Rocks 


Ee NE TE 


Minerals Shale Sandstone 


Minerals Percent 


percent percent 

rss LCT 

66.8 

uartz 12.0 | Quartz 22.3 5 

Felaials 59.5 | Felspars 30.0 Tr 6 

Pyroxenes and Clay 25.0 1.8 

Amphiboles 16.8 Limonite 556 111 

Micas 3.8 | Carbonates 5.7 22 
Other Minerals 7.9 | Other Minerals 1.4 ক 


Felspars. These are the most abundant of all the silicate 
minerals, They make 


Orthoclase — KAISisOs 
Albite — Na AlSisOs 
Anorthite = CaAlISi,Os, 


anorthite occur in all proportions and 


Oligoclase, labradorite, 
Starting with albite Na CON ait 
increase to anorthite. They are generally ligh 
coloured and are ch, Tised by two BOOd cleavages. In orthoclase, 
hence the name (orthos-straight, klao-I break) 
Albite and anorthite ha 


ite and anorthite is 
ammonly. grey Ereen. 
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This finds its use largely in ceramic industry. India has large 
resources of felspar for this purpose. Large quantities of this mineral 
are obtained from the dumps of mica nines. ¢.g., Mica belt of 
Nellore in the Andhra State and Hazaribagh in Bihar. 


Felspathoids : These minerals form in the place of felspars in 
certain rocks rich in alkalies and deficient in silica. Unlike felspars, 
the feispathoids are relatively rare being restricted to special kinds of 
igneous rocks. The more abundant felspathoids are nepheline and 
leucite and Jess common are sodaiite, noselite and havynite. 


Quartz : Composition—SiOs. Next to felspars, this is the most 
abundantly occurring material of the earth’s crust. It is colourless 
or white when pure but many coloured varieties occur the colour 
being due to traces of impurities. It has no cleavage and it breaks 
like glass. It occurs in all kinds of rocks, Jgneous, sedimentary and 
metamorphic. Veins of quartz are seen in the oldest crystalline rocks. 
Tt can be easily recognised as hard, glassy grains of irregular shape 
and without cleavage. It is harder than feispar, and cannot ve 
Scratched with a knife. Its hardness is 7. 

Many varieties of quartz are recognised, the three main classes 
Are as follows : 


Phenv-crystalline—Rock-crystal, amethyst, rose guartz, milky 
quartz, cat’s-eye, tiger-eye. 


Cryptocrystalline. Chalcedony, carnelian, agate, flint, jasper, 
chert, 


Amorphous—Opal. 


‘Many varieties of quartz are used in jewellery and for ornamen- 
tal Purposes. Agate and chalcedony are used in scientific instruments, 
chemical and radio apparatus. Sand is'used for mortar, plaster and 
lass. Ground or crushed quartz and flint are used in wood filler, 
ERE: polishing-soaps and as an abrasive. Much crushed quartz 
BEEN as a flux in metallurgical work and in making refractory 

KS. Some of the varieties like amethyst and opal are used as semi- 
Precious stones. 
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n important group 1 
eir stout crystals T 
es to each other. Mos 


Y are Ca, Mg and Fe silicates it 
Varieties are :— 


Orthorhombic Pyroxene 
Monoclinic pyroxene 


Amphiboles : 
hombic, monoclinic and triclinic systems, 
amphiboles are of importance. 


Prismatic crystals and have two sets of cleavage, crossing at angles of 
124 and 56°. The Chief varieti 


= Hypersthene. 
— Augite. 


Hornblende. Complex. aluminous silicate of Ca, Mg, Fe and Na- 
Tremolite and Actinolite. 
amphiboles 


Asbestos is the fibrous form o 
long and flexible. In commerce 


as chrysotile. These minerals 
their fibrous nature which enables them to be 


nd brake linings and made into 
The tremolite asbestos is available in 
Mysore and Rajasthan. 


sheets, boards, tiles and felt. 
India in Scraikala in Bihar, 


BE Very thin, tough a 
dull pointed instru- 
ment on a cleavage Plate of mica develops 


in all the varieties a Six-rayed Percussion 

figure. In composition they are aluminous 

silicates of K, Mg and Fe. Mica deposits 

Occur in the form of books Of varying thick- 
ness in the oldest crystalline rocks known 
as pegmatites. 


Fig.33. Percussion figure. 


This Eroup of minerals Crystallises in the orthor- 
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The important varieties of mica are :— 


Muscovite __ Whitemica — Potash mica. 

Biotite — Black mica _—_ Magnesium and iron mica. 
Phlogopite _ Brown mica — Magnesium mica. 
Lepidolite _ Violetmica — Lithium mica. 


India is responsible for the three quarters of the world’s 
production of sheet mica and of this probably 80% comes from the 
mica belt of Bihar and 20% from the Nellore district in the Andhra, 
State. Being resistant to heat, it is used in furnace doors and as 
insulato;s in electrical apparatus and machinery. It is also powdered, 
mixed with oil and used as a lubricant. 


Olivine : Composition—lIron magnesium silicate. It is found 
in many basic rocks and usuzlly occurs in stout crystals. It is glassy 
like quartz but is generally olive green or yellow in colour. Its grain 
in a rock often resembles that of granulated sugar. Clear varieties 
are used as gemstones. 


Garnet : Garnet is a widely distributed mineral occurring most 
commonly in metamorphic rocks. There are several kinds of garnet 
of which the most common one is a red variety known as almandine. 
The varieties are :— 


Grossularite — Calcium aluminium garnet. 
Pyrope _— Magnesium aluminium garnet. 
Almandine  — Tron aluminium garnet. 
Spessartite — Manganese aluminium garnet. 
Andradite  — Tron calcium garnet. 

Uvarovite __ Calcium chromium garnet. 


Garnets crystallise in the cubic system and occur as 
rhomh dndecahedrons or trapezohedrons or as combinations of these 
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two forms. Mey varieties are used as gemstones. 
high hardness-it is used as an abrasive material. 


this mineral occur as coastal sa 
Travancore 


Fig. 34. 
Dodecahedron. 


The other co! 
limonite, calcite, 


mon rock forming minerals are 
magnetite, hematite and ilmenite. 


Because of its 
Large quantities of 
nds along the Coromandal Coast and 


Fig. 35. 
Trapezohedron . 


epidote, chlorite, 


( Also see Appendix ) 


te td rant LEMME 
DESCRIPTION 

OF 
MINERALS 
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চহ f the Chemical System of | 
ne composition crystallisation Form Colour 
SILICATES 
1. Felspars. Hl 
Orthoclase KAISi,O, Monoclinic Tabular, White, grey 
massive or orflesh red 
granular. 
Microcline KAISi,O, Triclinic a grey, pink 
or green 
Albite NaAlSi,0, . ডি Tabular, White 
lamellar 
Oligoclase Na, Ca, Al টি Tabular White 
silicate 
Andesine Na, Ca, Al 33) Granular Grey to 
Silicate White 
TE aan GO” 
Labradorite Ca, Na, Al a Cleavable Grey to 
silicate masses blue 
Anorthite CaA SiO, x) Granular Light grey 
2. Felspathoids. 
Leucite KAISi,O, Pseudoiso. As Pheno- White to grey 
metric crysts in 
“Volcanic rocks 
Nepheline NaAl1SiO, Hexagonal Granular Colourless to 


White or 
yellow, grey, 
green or 
brownish red. 
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L Clea- Hard- 
‘UsStre vage © Fracture ness Sp. Gr. Remarks 
Vitreous Twoat Uneven 6 to 2.5to Transparent variety, 
right 6্‌5 2:6 adularia is used as 
angles a gemstone under 
the name “moon- 
stone” 

2 1 1 2 ,, The green variety is 
known as “Amazon 
stone”. 

5 Perfect at ,, i ্ Transparent varie- 
oblique ties used as gem- 
angles. stones under the 

name “moonstone”. 

1 Less 1 1 1 = 
perfect 


Exhibits play of 
Colours. 


2 oe 2 2 1 ডা 


Vitreous Nil Sub-con- 5.5to 2.5 Occurs as trapezo- 
to dull choidal 6 hedral crystals; 
Transluscent. 


Greasy Present Uneven 2 
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ETE. 
emt 
of the Chemical System of 
RA composition orystallisation Form Colour 
Sodalite Sodium, Alu- Isometric Massive Blue 
Minium silicate 
with Sodium 
chloride 
Et ECE 


Lazurite Sodium, Alu- 
Minium silicate 
with sulphur 


3: Pyroxenes. 


Isometric Compact Azure blue 
massive 


Enstatite MEgSiO; Ortho- Massive, Yellow, 
rhombic fibrous, Breen, grey 
lamellar OF brown 
Hypers- FeMgSiOs Ortho- চি “J 
thene Thombic 


Diopside Calcium, Mag- i 


Monoclinic Massive, White and 
nesium silicate 


columnar light green 
and lameller 
Augite Calcium, Mag- 2 ismati 


Prismatic Dark green 
nesium, Iron crystals to black 
and Al Silicate, 

Rhodonite Manganese Triclinic Massive, Rose red to 
silicate 


cleavable pink or 


to compact brown 
{ grains, 
Spodumene Lithuim A1 


Monoclinic Cleavable White, grey, 
silicate masses Dink and 


Breen 
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Hard. 


Clea- 
Lustre vage racture ness Sp. Gr. Remarks 
Vitreous Present Uneven 5.5to 2.2to = 
6 2:3 
Vitreous Imper- Uneven 5 to 25 Used as an orna- 
fect 5:5: mental stone under 
the name “Lapis 
lazuli”. 
Vitreous Perfect Uneven 5.5 3.2to Exhibits bronze-like 
to pearly 5-5 lustre. bronrzite 
variety 
” 1 1 1 ,, Variety of enstatitu 
with more iron. 
EET TCT eS FP lA AMET NEE 
Vitreous Imper- Uneven 5 to 3.2to Transparent varie- 
fect 6 6) ties used as gem- 
stones. 
Vitreous Maybe Uneven 5 to 3.2 to = 
good 6 3.4 
Vitreous Present Uneven 5.5to 3.4to Used as an orna- 
6 k,l mental stone 
Vitreous Present Uneven 6.5to 3.lIto Source of lithium. 
Y 3:2 Some varieties are 


used as gemstones. 
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Name of the Chemical 
mineral - 


System of 


composition crystallisation 


Form Colour 


4. Amphiboles. 


Tremolite Calcium, Monoclinic In radiating Colourless 
Magnesium columnar to white 
silicate. aggregates 

and silky 
fibres. 

Actinolite Ca Mg, Fe Monoclinic Radiating, Dark green. 
silicate. fibrous 

Hornblende Complex hs Prismatic, Dark green 
silicate of Ca, columnar, to black 
Na, Mg, Fe Or fibous, 
and Al, 

5. Micas Ld 

Muscovite K, Al silicate $s Foliated CojJvurless to 

light green 
Or yellow. 

Biotite K, Mg, Fe and চড Y be WBTSWE to 
Al silicate. black 

Phlogopite — K. Mg, and Al Le TEENE 
Silicate. brown to 

copper red. 

Lepidolite K,ELiand A[ 5 Fine grain- Pink to 
Silicate ed scaly violet. 

aggregate 

Vermiculite K, Fe, Mg, Al Monoclinic Foliated, Yellowish 
Silicate 


Granular Brown 
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Clea- ard- 
Lustre vage Fracture ness Sp. Gr. Remarks 
Vitreous Perfect Uneven 5 to 3 to A tough compact 
6 3-3 variety known as 
i, nephrite is used as 
an ornamental stone 
under the name 
Jade. The fibrous 
variety is known as 
asbestos. 
UME set Ei 
Vifreous Present Uneven 5t06 3to03.3. = 
le se meas BE Me MOD Oa 2 MDA 
1 Perfect ঠা 2 1 = 
Vitreous Perfect — A) 2.8to Known as white 
to pearly basal 7225) 2! mica. 
J 
Vitreous Perfect 3 2 to 2.8to Known as black 
10 pearly basal 255, 3.1 mica. 
Ch = 52 = 285107 29 Known as brown 
3 mica 
, G2 = 2.50 2.8to Known as pink mica. 
“ 3 A source of lithium. 
Pearlyto Perfect 2 to 2.5 Occurs as altered Pro- 
Metallic 2.5 to2 ducts of Muscovite 


Phlogopite and Biotite; 
expands on heating. 
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REI 3 1 ES 
Name of the Chemical System of Colour 
mineral composition crystallisation 
a ee 
6. Other silicates, 
Olivine Msg, Fe Ortho- Saccha- Olive green 
silicate Thombic roidal _ 
GARNET 
Pyrope Mg, Al silicate Usually in Usually 
Almandine Fe, A] Silicate dodecahe- brown to red- 
Spessartite Mn, Al silicate dronsor Also yellow, 
Grossularite Ca, Al silicate trapezohe- Green, pink. 
Andradite 4, Fe silicate Isometric drons or in 
Uvarovite 4, Cr silicate combinations 
of the two. i. 
2 = EES SOE 6 
Tourmaline R.A1B,(OH) Hexagonal Columnar Jet blac 
Si,O,,(R is Fe, Rhombohe- 
» Meg, alkalis) dral. 
LEE TO repel. i Shoe 2 
Beryl Beryllium, Aq Hexagonal  Columnar Aquamarine, 
Silicate white, pink, 
emerald 
green. 
Zircon Zirconium Tetragonal In Brains Shades of 
Silicate. Or crystals. brown, green, 
red. 
Topaz Al silicate Orthorhom- In crystals, Colourless, 
with Fluorine bic Eranular. wine yellow, 
blue green. 
Andalusite Aluminium 2 Prismatic Flesh red, 
Silicate. brown or 


Crystals. § 
Olive preen. 
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EN EEC 
ক Clea- Hard- 

Ustre vage Fracture ness Sp. Gr. 
ili Gd AEE GE 
Vitreous Nil Conch- 6.5to 3.2to Clear green variety 


Remarks 


oidal 7 3.4 is used as gemstone 
under the name 
‘Peridot.’ 


PO TE 


to Transparent varieties 


Vitreous Nil Exhi- Uneven  6.5to 3.5 
4:5 4.3 are used as gem- 


toresi- bits to sub- 
ous. parting, conch- stones. 
oidal. 


oe A EEE STE 
Vitreous Absent Uneven 7to 3 to Vertical striations, 
iS 3.3 Green and pink 

varieties used as 


H gemstones. 
Vitreous Nil Uneven 7.5to 2.3 Source of beryllium 
8 (a strategic mineral) 


Transparent variety 
— used as gemstone. 
nen: Nil Uneven 7.5 4.7 Translucent to tra- 

nsparent, Used as a 
gemstone under the 
name Hyacinth. 


5to Transparent to tra- 
-6 nslucent. Used as 
gemstone. 


Vi > 2 

treous Uneven 7-5 3:09 Transparent variety 
serves asa gem- 
stone. 


Vitreous Basal Uneven 8 
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OE 
Name of the 
mineral 


St 
Sillimanite 


ন 


EE > ECM 
Chemical 
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—_—__ 


& System of 
composition Crystallisation 
idm Tl 
Aluminium Needle sha- Colour 
silicate Ped crys- white, P' 


Form Colour 


tals, fibrous green. 
. €. er 
Kyanite Aluminium Triclinic Bladed Blue dark 
Silicate. Aggregates shade at 
centre. 
STADE Eh tel 2 tS tr 5 EE 
| 0 
Stzurolite Hydrous Orthorhom- Prismatic Red brown t 
silicate of bic crystals. brownish 
Fe and AJ black. 
Tae 2 tO Ee — 
Vesuvianite Hydrous Tetragonal Often in Green or ৰ) 
Silicate of Ca, Crystals, brown, yello 
Al, Mg & Fe massive, blue, red. 
i $ Sranular. Et 
Epidote Hydrous Monoclinic In crystals, Pistachio 
silicate of Ca, Sranular green to 
Al and Fe. fibrous. blackish 
Ereen. 
ট to 
Chloriie Hydrous 


i LEE Re 
Serpentine Hydrous 


Monoclinic. Fojisteg Green of 
Silicate of Mg, massive. various 
Fe and Al. Shades. 


চ্চ green 
Monoclinic Massive, Yellow, gree 
Silicate of Ms. fibrous. of various 


shades. 
TT reen, 
Hydrous Monoclinic Foliated 5 i ET 
Silicate of Meg. massive. grey, 
Also compact. 


Fr aac EY 


at toa 
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Clea- Hard- 
Lustre vage © Fracture' ness SP. Gr. Remarks 
Et 5s ote = 


Vitreous Perfect Uneven  6to 3.2 = 
kr 


Vitreous Perfect Uneven 4&7 3.5to = 
Pearly intwo 3.6 

direc- 

tions 
REtinons TABS Uneven 7to 3.6to Often in cruciform 
to vitre- 75 3:7 twins. 
ous, dull 
to earthy 
When imn- 
pure. 
Vitreous Nil Uneven 6.5 3.3to Also known as [do- 
tO resi 3.4 crase. Used as semi- 
nous precious stone. 
MI MEET bs nee 
Vitreous Present Uneven 6to 3.4 — 

7 
Vitreous, Basal Uneven 2 to 2.6 to — 
pearly 2:51 2:9 
Waxy Nil Sub- 2to  2.2to Fibrous variety 

con- =) 520 known as Chryso- 


choidal tile asbestos. 


Pearly to Basal Uneven 
Ercan 


‘710 Greasy feel. 
8 
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tat co j A 
Name of the Chemical System of 
mineral composition crystallisation Form Colour 
Kaolin Hydrous Whi 


Monoclinic Claylike White, often 
mass com- coloured by 
pact or impurities. 


silicate of A1. 


friable. ET 
Zeolites 
Natrolite Hydrous Monoclinic Radiating Colourless or 
silicate of crystal, white tinted 
Na and Al. massive yellow to red- 
fibrous. 
Ete TEE 
Stilbite Hydrous Monoclinic Sheaf-like White, 
Silicate of 


aggregate. yellow, 
Na, Ca and A1. brown, red 
CRSA se BOW WT 
OXIDES 


Quartz 

Crystalline : 

Rockecrystal Hexagonal , Colourless to 
Amethyst SiO, £ EE Se violet 
Rose quartz massive. smoky grey, 
Milky quartz rose red. 
Smoky quartz 


Wf Eis SOE EOD E10 


Crypto-crystalline: 


Chalcedony | | = Fibrous or Shades of 
Agate | SiO, granular. blu, yellow, 
Flint | gry, green 
Jasper || red. 

Chert | 

=——_ be 2. SE 
Amorphous: 

Opal SiO,.nH,O0 


— Massive, White, yellow 
botryoidal green, grey, 
stalactitic. blue, red. 


MINERALOGY TS 


TO = 


1 Clea- Hard- 

ustre  vage © Fracture ness SP. Gr. Remarks 
Me 
Dull, —  Sub- 2t0 2.6 Plastic when wet. 
tarthy con- 2.5 


choidal 


2 Occurs in cavities 


Vitreous Present Uneven 5to 
5:5. of volcanic rocks. 


to pearly 


Vitreous Present Uneven 3.5to 2.2 
to pearly 4 


ele = wl CEE Bt = 


Vitreous Absent Uneven 7 2.6 Transparent to 
to con- translucent. 
choidal. 


UO TEE EET T= 


Vitreous Absent Uneven 7 2.6 Agate shows fine 
to resi- to con- parallel bands. 
nous, some choidal 

Cases waxy. 

Vitreous Absent Con- 5to 2.2 Exhibits play of 


to resinous choidal 6 colours. 
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Name of the Chemical 5 

E al Stem of 
mineral composition crystallisation Form Colour 
ER LL eer 


Corund 
Tum Alo, Hexagonal Prismatic Shades of 
Crystals brown pink, 
massive. blue, ruby 
red, green. 


gE nr a SO 
Hematite Fe,0, 


Hexagonal Reniform, Reddish 
massive, brown to 
fibrous, black. 
Oolitic, 


Hexagonal Massive, Iron black 
compact, 


in grains. 4 
Magnetite FeO, Isometric 


In crystals, Iron black 
Branular, 


ER massive. 
ie To i Tt a 


Massive, Iron black to 
granular. brownish 


= black. 
a a = LEE 
Chryso- orc Tp nn ESL 
beryl. BeAl,O, Ortho- Crystals Various 
Thombic shades of 
green, 


brown, yellow. 
CHette TSO, FT LLL Ea 


Tetragonal Massive, Brown or 
granular, black 


sen hieshaas fibrous. 
ন] 2 ক 
Rutile Tio, Tetragonal Compact, Red to black 
massive, 
slender, 
crystals. 
0 99 OE ———_—____ _ _ _ _ _ _ 
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Ts Clea- Hard- 
ustre vage Fracture ness Sp. Gr. Remarks 
Vitreous Parting Uneven 9 4 Coloured  transpa- 


rent varieties used 


to ada- 
present 
as gemstones. Black 


mantine 
granular variety with 
iron oxide known 8s 
emery. 
ME Me TT 
Metallic _ Uneven 5.5to 5.2 Red earth variety 
tocon- 6.5 known as red 
choidal ochre. 


Streak : cherry red. 


a eines EE ete IE 
Metallic Uneven 5.5t0 4.7 Streak : black Mag- 
6 netic after heating. 


ms LM ASEM Ea RRL 


Metallic —_ Uneven 6 5.2 Strongly magnetic. 
Streak : black. 


Metallic Nil Uneven 5.5 4.6 Streak : brown. 


- eet —— 

Vi EoUE TERROR EES 3.7 16 Used 2578 ETON 
3.8 under the .names 

“Alexandrite”, 

ies “Cat’s eye” 

Adaman- Nil Uneven  6to 6.8to Streak : white. Also’ 

tine to Ul 7 known as “tinstone’’ 

dull 

SLE AALAND TST TEA 

Adaman- Nil Uneven 6 to 4.2 Streak : Pale brown. 

tine to 6.5 

metallic 


EE EMT a eilirsie Shee Ee 


— 
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Name of the Chemical System of 
mineral composition crystallisation Form Colour 
Pyrolusite MnO, Tetragonal Granular, Black 
massive, 
reniform, 
dendritic. 
hone a se CE 
HYDROXIDES 
Gocthite Hydrous Ortho- Massive, Dark 
oxide of iron. rhombic reniform, brawn 
stalactitic, 
fibrous. a. 
EE CAE 2 
Limonite Hydrous Eo Amorphous Various 
Oxide of Fe. mammil- shades of 
lary, stalac- brown, 
titic, yellow. 
nodular, 
earthy. a 
FTG LESH A 
Bauxite Hydrous = Amorph- Dirty white, 
‘Oxide of Al. Ous, piso- yellow, 
litic, mas- brown. 


Sive granular. 


Psilomelane Hydrous Amorphous, Black 
Oxide of Mn. massive, 

botryoidal, 
stalacititic. 

————————___ 

CARBONATES 

Calcite Caco, Hexagonal Rhombo- Colourless, 
hedral white, brown, 
crystals, Ted, grey, 
massive, blue, yellow. 
granular, 
stalactitic. 


MINERALOGY {/ 


L Clea- Hard- 
ustre vage Fracture ness Sp. Gr. Remarks 
Metallic Present Uneven 1 to 4.8 Soils the fingers. 
to 2 
sub-con- 
choidal. 
MOE EMT 
Adaman- Present Uneven to 4.4 Streak : yellowish 
tine to to 5:5 brown. 
dull sub-con- 
choidal. 
Sub- =. - Sub: 5 to 3.6to Yellowish earthy 
metallic con- 5.6 4 variety known 2s 
to earthy choidal “yellow ochre”. 
Earthy Nil  Sub- 1to 210 — 
con- ্; ত) 
choidal 
Sub- Nil  Sub- 5to 3.7to Streak: black. 
metallic con- 6 4.7 
choidal 
Lo 
Vitreous Perfect Uneven 3 2.7 Quickly effervesces 
rhombo- with dilute HCL. 
hedral. Transparent crystal- 


LL ——— 


line variety known 
as “Icelandspar”’. 


ENE SEE TT 
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ystem of 
minera composition crystallisation Form Colour 


rien Us 
Dolomite CaMgCo, Hexagonal Granular, Colourless, 


Compact. white, grey, 


green, brown. 
_BTCen, dah 
Magnesite MEgCo, Hexagonal Compact, White, grey, 


massive, brown. 


granular. 

Siderite FeCo, Hexagonal Granular, Light to dark 
globular brown. 
congrega- 
tions. 

COM ane BE 

Rhodochro- MnCo, Hexagonal Massive, Light pink to 

site Sranular. dark brown. 
SEL 1st EAB 

Malachite Hydrous Monoclinic Botryoidal, Bright green 

carbonate of stalactitic, 
copper. massive. 


WE CE Ee Hs LVN 


Azurite Hydrous Monoclinic Massive, Sky blue 
carbonate of nodular. 
copper 
te Nebr, NAL 
SULPHATES 
Barite BaSO, Ortho- Tabular, Colourless, 


Thombic laminated, white, grey, 
granular. blue, red, 


yellow. 


Celestite SrSo, Ortho- Radiating Dirty white, 
rhombic needles faintly blue 
or red. 


EE EU 
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Clea- Hard- 
Lustre © vage 


— 


Fracture ness Sp. Gr. 


Remarks 


Vitreous, Perfect Uneven 3.5to 2.9 


Slightly effervesces 
with dilute HCI. 


pearly 4 
NE = = 
Vitreous Present Uneven 3.5to 3 
earthy to 5 3 
con- 
choidal 


Slightly effervesces 
with dilute HCI. 


Vitreous Present Uneven 3.5to 3. 


Slightly effervesces 
with dilute HCl 


Vitreous Present Uneven 3.5to 3. 


Adaman- Present Uneven 3.5to 3.9to 


tine to to 4 4 
dull sub-con- 

choida! 
Vitreous — Con- 3:50. 35 
to earthy choidal 4 3 


Vitreous Present Uneven 3to 4.5 
<) 


to pearly 5 


Heavy amongst 
nonmetallic mine- 
rals. Hence known 
as “Heavyspar”. 


Vitreous Perfect Uneven 3 to 4 
3 


to pearly 


oo ————o— oro 
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Name of the Chemical 
mineral composition 


Anhydrite CaSO, 


System of 

crystallisation Form Colour 
es 

Ortho- Fibrous;. White, grey, 


Thombic granular, blue 


massive. 


Gypsum CaSO, 2H,0 Monoclinic Foliated, Colourless 


SULPHIDES 
Realger AsS 
Orpiment AsaSg 
Stibnite Sb:S, 
Molybde- Mos; 


massive, white, grey» 
fibrous. shades of 
red, brown. 


Monoclinic Granular Red to 
orange. 


Monoclinic Foliated, Fine lemon 
massive. yellow. 


Ortho- Radiating, Lead grey 
rhombic granular. 


Hexagonal Foliated, Lead grey 


nite granular 
Galena PS URE TLL 


Sphalerite ZnS 


Cinnabar Hgs 


Isometric Crystals, Lead grey 
massive, 
granular. 


Isometric Massive, Yellow, 
granular, brown to 
fibrous. black. 


Hexagonal Massive, Red 
granular. 
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Clea- 
Lustre vage 


Fracture 


Remarks 


Vitreous Present Uneven 


to pearly 


Vitreous Present Uneven 


to pearly, 
silky. 


Varieties : (1) Mas- 
sive known as Ala- 
baster, (2) Platy 
transparent ' crystals 
known as Selenite, 
(3) Fibrous form 
known as Satinspar. 


——— 


Resinous Present 


Uneven 


Streak : Orange red. 


ors he 


Resinous Present 


to pearly. 


Uneven 


to. Streak : yellow. 


ETS 


Metallic Present 


Metallic Perfect, 


Uneven 


Streak : Lead grey. 


to Streak : Lead grey. 


Even or 


sub con- 
choidal 


Streak : Lead grey. 


Con- 
choidal 


3.9 to Streak : brown. 
4.2 


basal 
Metallic Perfect 
Resinous Present 
to ada- 
mantine 
Dullto Present 
adaman- 
tine. 


Uneven 
to 
sub-con- 
choidal 


Streak : scarlet. 


ee = 


84 A TEXT BOOK OF GEOLOGY 


Name of the Chemical System of 


Form Colour 


mineral composition crystallisation 
Pyrrhotite Iron sulphide Hexagonal Massive, Reddish or 
Eranular. brownish 
bronze. 
Bornite Cu, Fe, Isometric Massive Red to brown 
Sulphide. 
ee Tern FE MEE EE _ 
Chalco- CuFeS, Tetragonal Massive, Brass yellow 
Pyrite Sranular. often with 
tarnished 
appearance. 
Bp Cet EE SY ee 
‘= ORAM Sls Sc 
Pyrite FeS, Jsometric Crystalline, Bronze 
Aggregates yellow. 
massive, 
nodular. 
epi 5 SOU Ee... 
Marcasite Fes, Ortho- Nodufar, Bronze 
Thombic massive, — yellow.. 
tabular. 
Arseno- FeAsS Ortho- Massive Silver white. 
pyrite rhombic. 
allt EAE EEE hon al EME Me a 
HALIDES 
Halite Nac! Isometric Crystals, Colourless 


massive, white, yellow, 
granular, brown, red, 
fibrous. grey. 


LnnnnanaeunEE OT LET 
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AM es ETP TE 
L Clea- Hard- 
‘ustre vage © Fracture ness Sp. Gr. Remarks 


Erie CS EB 


Metallic Present Uneven 3.5to 4.4to0 Streak : greyish. - 
tocon- 4.5 4.6 


choidal 
Eel Std alesse HE 
Metallic — Uneven 3 4.9to Becomes iridescent. 
to con- 5.4 Known as 
choidal “peacock ore”. 


Metallic — Con- 3.5to 4.1to Streak : shining 
choidal, 4 4.3 greenish black. 
uneven 


MRE DMEM TT 


Metallic —  Cor- 6to 4.8.to Streak : black, 
choidal, 8.5 5 crystal faces often 
uneven striated. 

i Mant SHS le BEA 


Metallic 2 Uneven Gor 4:9. Streak. Brey: 
6.5 


ET lo ne ADAMI OH 


Metallic Present Uneven 5.5to 5.9to Streak: greyish 


g 6.2 black. 
Vitreous Perfect Cor 2t0 2.2 Tastes saline. 
to resinous choidal 2.5 
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SEIU 
Name of the Chemical System of 


mineral composition crystallisation Form Colour 
EEE SM . SBE 
Fluorite CaF, Tsometric Crystals, Colourless, 
Sranular. white, green, 
purple; 
yellow, blue. 
Cryolite Na, Al Monoclinic Massive  Colourless, 
Fluoride. lamellar. snow white, 
brown, red. 
PHOSPHATES 
Apatite Ca, ES Hexagonal Crystals, Sea, green, 
with CI an massive. yellow; red, 
blue. 
2 Unni les 
Monazite Phosphate of Monoclinic Massive, Pale yellow 


cerium metals 


rolled to dark 
with thorium. 


Brains, reddish 


brown. 
TUNGSTATE 
Scheelite Calcium Tetragonal Massive, Yellowish 
tungstate. Branular white or 
brownish 
White. 
URANATE 
Pitchblende Uranium Isometric Massive, Black, grey, 
Minera). granular, browr 


botryoidal. 
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L Clea- Hard- 
ustre vage © Fracture ness Sp. Gr. Remarks 
Vitreous Present Uneven 4 3.1to Transparent to 
to con- 3.3 translucent. 
choidal 
Vitreous Present Uneven 75) 3 — 


EO WE TE 


3.2 Resembles beryl; 


Vitreous Poor  Con- 5 
to resinous choidal Distinguished by its 
নক, low hardness. 
Resinous Imper- Con- DES 553 Strategic minerai, 
fect choidal, Radioactive. Use- 
uneven ful in production 


of atomic energy. 
EE 


Vitreous Present Uneven 4.5to0 6 Es 
5 

rns th 5 SRT — Ll 

Sub-metal-  — Uneven 5.5 6.4to Strategic mineral, 

lic, greasy, 9.7 Radioactive.  Use- 

pitch-like ful in the produc- 
tion of atomic 
energy. 
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mineral composition crystallisation Form Colour 


Diamond Cc Isometric Crystals,  Colourless. 
in grains. white, yellow 
red, green 
blue black. 
be Ee Sean Ee MD 
Graphite (es Hexagonal Lamina ted, Grey 
scaly 
aggregates. 
= PME 
Sulphur 5 Ortho- Massive, yellow 


Thombic Sranular 


Tsometric Massive Bronze 
Sranular. yellow 


Copper ‘Cu Isometric Massive, Copper red 
irregular. 


4 


Platinum Pt Isometric  Inegular White, steel 


lumps grey 
and in 
ETrains. 
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Te meme =~ 
Clea- Hard- 

Lustre vage Fracture ness Sp. Gr. Remarks 

= SMM lM Cli OUTUTSE E 


Drilianty- Perfect  Con- 10 35 Black compact 
Caman- choidal variety is known as. 
tine, “Bort” or ‘Carbo- 


nado”. Used for 
cutting and grin- 


ding purposes. 
= te At tela Se SATE 
Metallic Basal _  lto 2to Streak: black and 
2 2-3. shiny, greasy feel. 


Me Calle alata MALE 


Resinous TImper- Con- 1-5:t0, 25 Smells sulphurous. 
fect choidal 2.5 


EMMI 
Metalic _ Hackly 2.5to 15to Streak : golden 
3 19.3 yellow. Variation in 
Sp. Gr. is due to 

association. 


> EOCENE CTT OEE 
Metallic Nil Hackly  2.5to 8.8 Streak : metallic and 
3 


shining. 
lave PEELS Lb 
Metal 14 to 
LS NE—— Hackly 4 to 21.46 Streak : white, 
4.5 steel grey. 


| 
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A TEXT BOOK OF GEOLOGY 
QUESTIONS 
Group-A. 


্‌ t 
Match the word or phrase in the left column with the corree 
word in the right column. 


SoonNAULPSDL- 


Asbestos a. Felspathoid 
Garnet b. Metallic lustre 
Streak c. Pearly lustre 
+ Flourescence d. Taste 
Talc e. Rhombohedral cleavage 
Calcite f- Brittleness 
+ Sulphur 8. Dodecahedral crystal 
+ Rock Salt A. Ultraviolet light 
Felspar i, Silky lustre 
. Nephelene J. Powder of a mineral 
+ Gemstone k. Ceramic industry 
Galena 1, Corundum 


Give the name of the mineral described in each of the following 
Eroups of phrases. 


1. 


2) 


10. 


Granular in form, used as gemstone under the French name 
‘Peridot’ j) 
SiO, six sided crysta!, transparent to translucent, Violet in 

colour, high hardness. - 


+ Lustre resinous, colour bright yellow, brittle in nature, 


native element. 


. Fibrous in fotm, low hardness known as satinspar.- 
+ Colour lead grey, specific gravity high, hardness low, lustre 


—metallic, cleavage— cubic. 


- Decomposed feldspar, white in pure form, hydrous alumi- 


nium silicate, Very soft. 


+ Lustre—metallic, pure carbon, used in pencils, used as a 


lubricant. 


+ Pale green, Foliated, greasy feel, softest mineral, cosemetics. 
. CaCOs—Double refraction, Rhombokhedral cleavage, trans- 


parent crystal. J f 
Columnar form, vertical striations, commonly jet blac 
in colour, high hardness. 


L: 


IH. 


In, 


VI. 


VN. 
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Pick out the related terms, in each group giving reasons. 


a. Quartz, Semiprecious stone, Amethyst, Cleavage. 

b. Muscovite, Percussion figure, high hardness, insulator. 
c. Garnet, Almandine, Dodecahedron, fibrous form. 

d. Orthoclase, Enstatite, Microcline, Moonstone. 

e. Bornite, Peacock ore, Iridiscence, soils the fingers. 


Group-B 


Describe the tests you would perform in trying to identify a mineral 
in the field. 


What are Rock forming minerals? Give a general account of 
their Chemical and physical properties. 

(a) Define the term ‘crystal’. 

(b) What are symmetry elements in crystals? 

(c) Name the six crystal systems, with their axial disposition 
and give two mineral examples for each system. 


Describe the following groups of minerals 
a. Quartz group b. Felspar group Cc. Mica group 


Compare and contrast the minerals of Pyroxene group to ibat 
of Amphibole group. 


Explain how will you distinguish the following pairs of minerals 
a. Pyrite and chalcopyrite 

b. Beryl and Apatite 

c. Hornblende and Augite 

d. Calcite and Gypsum 

e. Muscovite and talc. 


Write short notes on :— 

(a) Kinds of lustre (b) Twincrystals (c) Moh's scale of hardness 
(d) Flourescence (e) Cleavage and parting (f) Walker's steel- 
yard balance. 


Mention the most distinguishing physical properties of ChE 
following minerals. 
Amethyst, Olivine, Talc, Labradorite, Galena. 
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VIII. Give the Principal ores, their Physical properties, Chemical i, 
Position and distinguishing characters of the following me Fe 
1. Iron 2. Copper 3. Manganese 4. Zinc 5. Aluminiu 
6. Lead. 


t 
IX. (a) State the Systems of crystallisation and crystal forms presen! 
in the following minerals. 


@. Zircon b. Pyrite c. Calcite d. Beryl e. Olivine J- 
Gypsum £. Galena 
(b) Tlustrate their sy 


iC 
mmetry elements by means of stereogravph 
Projections, 


CHAPTER IV 
tei tae BT COE NE 


PETROLOGY 


t Introduction: Petrology is the science of rocks which form 
he units of earth’s crust. Rocks are composed of minerals. Some 
Of the rocks are monomineralic (e.g., dunite or olivine rock 
made up of one mineral), ,but most of them contain two or 
More minerals. 


Composition of earth: It is considered that the earth is 
made up of three layers consisting of (1) interior-most Ni and Fe 
metallic core surrounded by (2) a layer of denser silicates with 
a slaggy crust floating over them. This conception has ‘been 
GERERSd by the study of meteorites or shooting stars and seismic 

servations. The outer crust of the earth to a depth of about 
of miles consists of igneous and metamorphic rocks with a thin mantle 
th sedimentary rock resting on them. Whatever be the origin of 
hs earth it is certain that all parts of the original surface of 
e earth passed through a molten stage and the first solid 
HE was derived from. this molten material known as mag- 


Classification of rocks: 


Rocks 
[70a IE চে 
Igneous Sedimentary Metamorphit 
| | f "ফনদকডু [ন 
Pluto- Hypaby Vol Frag- Chemi- Orga- Ther- Dyna- 
nic  ssal canic mental cal nic mal mothermal 


Rocks formed by the consolidation of ‘magma are said to be 
Primary or igneous rocks, After the consolidation of original crust 
and formation of the hydrosphere and atmosphere, water and wind 
began to attack the primary rocks and disintegrate them .so that the 
sediments began to accumulate in the hollows of the crust. These 
sediments were Subsequently consolidatéd into rocks which are 


known as secondary rocks. These rocks are also: known as aqueous 
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rocks. Finally primary and Secondary rocks were subjected to earth 
movements which carried them down to the earth’s crust where they 
were acted upon by heat and pressure. By these agencies the rocks 
were partly or wholly reconstituted and such rocks more or less 
completely changed frum the Original conditions are known as the 


metamorphic rocks. According to the mode of origin all rocks may 


be assigned to three major groups, (1) Igneous, (2) Sedimentary 
and (3) Metamorpbic. 


Rocks are distinguished on the basis of structure, texture ar 
mineral composition 2nd other Physical properties like hardness an 
fracture in hand specimens, the study being known as megascopic study. 
Chemical analysis and microscopic examination are also necessary to 
identify some of the less common types. 


Structure: Structure is a term used to refer to the larger et 
tures of rock. Jgneous rocks are usually massive, i.e., withou 
any directional arrangement in the mineral constituents. Sedimen- 
tary rocks are usually Stratified or laminated. It is further CHUB 
hed by the frequent occurrence of Organic remains,or fossils and suc! 
other marks indicative of deposition in the sea or land. Metamorphic 
rocks are massive, banded and stratified according as they are from 
igneous or sedimentary rocks. Thorough recrystallisation of sedi- 
mentary rocks may, however obliterate the stratification, or direct 


Pressure may produce in igneous rocks banded, foliated and slaty 
Structure resembling Stratification. 


Texture: Texture of a rock refers to the size, shape and 
Arrangement of the mineral constituents. Rocks may be coarse 
grained, medium grained, fine grained even grained or Une 
grained according to the comparative size of the mineral Earn 
in the rock. Porphyritic texture is produced when large cry Ff 
tals (or phenocrysts) occur in a groundmass (or matrix) ©! 
smaller crystals (or microcrystalline grains). 


Hardness is also useful to distinguish the soft rock like 
limestone, shale and talc schist from others which are hard. 


Fracture: Fracture is an important feature in the case of glassy 
rocks which break with good conchoidal fracture. 


Rocks should be studied in the field and laboratory. In the 
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field one should study the shape. relation of rock mass with other 
rock masses whereas representative specimens collected from the 
rock should be properly iaentified in the laboratory by microscope 
and chemical tests, if necessary. 


IGNEOUS ROCKS 


Igneous rocks are formed by the solidification of the cooling 
magma which intruded into the older rocks or which extruded 
on the surface as lava flow. Thus arise intrusive and extrusive 
Tocks. Intrusive rocks are divisible into’ plutonic and hypabyssal 
according as they are found at great or low depths below the earth’s 
Surface. These rocks are now exposed on the surface due to the 
removal of overlying cover or roof of older rocks by agents of 


denudation. 


Igneous rocks are often classified as acid and basic; acid when 
they are rich in silica and alumina and basic when they are rich in iron 


Oxide and magnesia. Acid rocks are lighter in colour and lighter 


in weight than the basic rocks. The mineralsoccurringin igneous rocks 
dary. Essential 


may be classed as essential, accessory and secon: 
minerals are those which are necessary to the diagnosis of the rock 
type and they form a major part. Accessory minerals are those whose 
Presence or absence has no bearing on the nomenclature of TOCKS. 
Secondary minerals are those formed by weathering or metamorphism 
or those introduced by circulating solutions. 


PLUTONIC ROCKS 


Under plutonic conditions crystallisation takes place deep- 
Seatedly ‘with slow cooling under great pressure and with retention 
of volatile constituents. Hence the texture “of plutonic rocks is 
holocrystaiine and coarse. The mineral grains are big enough to be 
recognisea with naked eye and is described as phanerocrystalline. 
The colour of the rocks depends to a large extent on its mineral 
composition. They are described as leucocratic when light coloured 
and melanocratic when dark coloured. 


Classification: 


Acid—Granite. 
Tntermediate—Diorite. 
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Basic—Gabbro. 
Ultrabasic—Peridotite, Dunite. 


Granites : Granites occur as batholiths, stocks, bosses and 
dykes. 


Colour : Light in colour with a white or pink tint according . 
to the colour of the felspar. 


Texture: Holocrystalline and phanerocrystalline. Coarse to 
fine grained. Some varieties show prophvritic texture. 


Minerals : Quartz and felspars are the essential minerals. The 
felspar, usually orthoclase, predominates. Mica is also commonly 
Present and may be a dark variety like biotite or the light 
mica, muscovite or both. Other minerals which may be present 
in different granites are hornblende, augite and tourmaline. 
Accessory minerals include apatite, zircon, sphene, garnet and 
magnetite. 


Varieties of granite are named according to the chief mine- 
Tal present other than quartz and felspars and include muf- 
covite granite, biotite garnite, muscovite biotite granite, hornblende 
Sranite, tourmaline granite. Tourmaline granite is also known a8 _ 
Schorl rock or luxullyanite. The other varieties are pink granite 
in which felspars belong to the flesh red orthoclase variety and 
Dorphyritic granite which exhibits porphyritic texture. Pegmatite 
or graphic granite which is chiefly composed of quartz and 
felspars exhibits graphic texture due to the intergrowth of quartz 
and felspars. Pegmatite rocks which often occur as dykes and 
Veins are of great economic importance as they contain rich deposits 
of mica, beryl, topaz, pitchblende and apatite. Large crystals of 
quartz and felspars present in these rocks serve as raw materials for 
ceramic industry, €.g-, Mica belt of Nellore in the Andhra 
State and Hazaribagh in Bihar. 


Granite serves as an excellent building stone among the 
igneous rocks because of its good appearance, hardness, resistance 
to weathering and compressive strength. Its strength and rough 
fracture are also valuable properties when it is used as a concrete 
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aggregate. The average specific gravity of granite is 2.67. The 
term granite is used commercially for many rocks which are not 
granites in the geological sense, e.y., diorite and oneiss. 


Granodiorites : Similar in appearance to granite. Chiefly 
composed of quartz, felspars and dark minerals. The felspars usually 
belong to Plagioclase variety and quartz is less in amount than in 
granite. 


Syenites : These are not very abundant in occurrence in 
comparison to granites. 
Colour : Light coloured. 


Structure 1 
Same as granite. 
Texture J 


Minerals : Chiefly composed of .orthoclase in large amounts 
with small amounts of Plagioclase and dark minerals, hornblende, 
biotite and augite. Accessory minerals include iron Oxides, apatite, 
sphene and zircon. 


Varieties : Felspathoids occur in alkali-rich syenites when 
they are distinguished as nepheline syenite, sodalite syenite etc. 
Normal syenites are distinguished as hornblende syenite, augite 
syenite and biotite syenite after the predominating ferro-magnesian 
mineral. Corundun Syenite is another variety which results due ‘to 
more alumina content and relatively less alkali content in the magma 
during the process of crystallisation. These rocks are found in the 
Sivamalai Hills in the Coimbatore District of Madras and Kishen 
garh in Rajasthan. 


Use : For construction and other uses syenite has the same 
Value as granite. 


Diorites : 
Colour Dark coloured. 
Texture : Holocrystalline and Phanerocrystalline. Usually 


fine grained. 


Minerals : Essential Minerals are plagioclase felspars and 
hornblende. Accessories include iron Oxide, apatite and sphene 
Biotite, quartz and orthoclase may be present in small amounts. 
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Varieties : Biotite diorite, augite diorite and quartz diorite. 
Average specific gravity of diorite is 2.87. 
Use : Serves as road metal. 


Gabbros : 
Colour :° Dark coloured. 


Texture: Holocrystalline and phanerocrystalline. Usually 
Coarse grained. 


Minerals. Essential minerals are plagioclase felspars (labradorite 
to anorthite) and a monoclinic pyroxene, augite. Other minerals 
which may be present include enstatite or hypersthene, olivine, 
hornbleude and biotite. Ilmenite and apatite are common 
accessories. 


+ Varieties : These are named atter the chief ferro-magnesian 
minerals present other than augite, e.g., hypersthene gabbro and 
hornblende gabbro. Norite is a gabbro containing enstatite or 
hypersthene instead of augite. Specific gravity of the rock 
ranges from 2.9 to 3.2. 


Use : Serves as road metal. 


Peridotites : 

Colour : Dark coloured. 

Texture: Holocrystalline and phanerocrystalline. Coarse to 
fine grained. 

Minerals : These rocks " consist essentially of mafic minerals 


and contain little or no felspars. As they are less rich in silica 
content they are known as ultrabasic rocks. 


Varieties : Peridotite in which olivine is the chief constituent 
is named from the French peridot-olivine. Other minerals include 
augite, hornblende, biotite and iron oxides. Felsic minerals are vir- 
tually absent. 


A variety composed almost entirely of olivine is called 
dunite- 


Other kinds of ultrabasic rocks are those which consist 
almost entirely one kind of mafic mineral such as pyroxenite (all 


= _ বা 
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Pyroxene) and hornblendite (all hornblende). Specific gravity 
Tanges from 3 to 3.3. 


Africa. They form the neck of old volcanoes. 
HYPABYSSAL ROCKS 


. The hypabyssal rocks form a link between plutonic and vol- 
canic rocks. They are: distinguished from the volcanic rocks 


POCUITCnCe as minor intrusions Such as dykes and sills. They 
exhibit special mMicro-structures due to rapid cooling. The 
hypabyssal rocks often Show porphyritic texture and are more 
allied to volcanic TOCks in texture. 

Classification : 

Acid—Granite Porphyry. 


Intermediate Syenite Porphyry. 
Basic—Dolerite. 


Granite and syenite Porphyries correspond in their mineral 
composition to their Plutonic equivalents, but has a porphyritic 
fabric. 


Granophyre, a microgranite showing graphic intergrowths bet- 
ween the quartz and felspars. 


Felsite is Produced by the reduction of the grain-size to micro 
or cryptocrystalline dimensions, and it ranges from acid to basic 
varieties. 


Dolerite : Occurs as dykes and sills. 
Colour : Dark coloured. 

Texture : Aphanitic. Usually medium to fine grained. 
Minerals ° Same as pabbro. 
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Use : Finds use as. crushed stone for road metal and con- 
crete aggregate because of its toughness and strong resistance to 
abrasion. 


Dolerite resembles to a great extent basalt, a volcanic rock 
in hand specimens,. but it can be easily distinguished under 
the microscope by its characteristic ophitic texture produced by the 
Occurrence of lath-shaped felspars enclosed by ferro-magnesian 
minerals. 


VOLCANIC ROCKS 


Volcanic rocks are formed on the surface either by the 
consolidation of the lava or by the accumulation of volcanic 
fragments. 


Structure and Texture. The mineral constituents in vol- 
canic rocks cannot be distinguished with. naked eye. This 
kind of texture is termed aphanitic. The rapid cooling or chil- 
ling of lava gives rise to glassy or vitreous rocks, in which 
none of the constituents is crystallised. “Volcanic rocks may 
also be vesicular or scoriaceous, i.e., full of cavities or bubble holes 
formed due to the escape of volatile constituents, e.g., pumice and 
Scoria. In some cases these cavities get filled with secondary minerals 
like quartz, calcite, zeolite and chlorite. These infillings are des- 
Cribed as amygdales because of their fancied resemblance to almonds 
and the structure as amygdaloidal. This structure is commonly’ exhi- 


bited in basalts. 


© Fragmental or pyroclastic rocks are composed of volcani 
fragments and dust thrown out from the volcano. 


The important types of volcanic rocks are the rhyolite, obsidian, 
Pitchstone, trachyte, phonolite, andesite and basalt. 


Rhyolite : This is glassy or cryptocrystalline and may con- 
tain phenocrysts of quartz and orthoclase. It frequently 
contains spherulitic structures which are minute spheres of crysta- 
lisation formed of quartz and felspar crystals radiating from centre. 
It exhibits distinct flowage bands. 


Obsidian is a variety of rhyolite, black in colour, and glassy in 
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texture breaking with a conchoidal fracture. Thin edges sometimes 
Show parallel flow bands. 


Pitchstone is another variety of rhyolite, glassy in texture 
Benerally with a greenish tint and pitch like lustre. 


Pumice is a highly vesicular lava froth formed by escaping gases 
and is so light as to float On water. Pumice may have the compo- 
sition of rhyolite or it may be of more basic character. In modern 
times this is used in light concrete slabs for sound insulation. 


Trachyte This is a pale coloured rough looking rock. It 
has phenocrysts of orthoclase in a ground mass composed 
mainly of felspars with some biotite or hornblende as a mafic 
Constituent. A glassy base is Sometimes present. 


Sanidine trachyte contains Porphyritic crystals of sanidine, 
a glassy variety of orthoclase. 


Phonulite is a felspathoidal trachyte. 


It is a light grey earthy 
looking rock. 


Varieties : Hornblen 


de andesite, biotite andesite. augite andesite 
and quartz andesite. 


Use : Serves as road metal. 


Basalt : This is a dense looking black rock, often weathering 
to a brown colour and is the commonest of all the lavas. 


Texture : Aphanitic. Porphyritic, vesicular, amygdaloidal. 


Minerals : Essential minerals are Plagioclase and augite. 
Magnetite and ilmenite are common accessories. Olivine occurs in 
many basalts and commonly shows alteration to serpentine. 


Varieties : Olivine basalt and amygdaloidal basalt. 
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Use : Serves as a road metal and concrete aggregate. Frag- 
mental igneous rocks represent the material that was blown out by 
Volcanoes during explosive activity. The explosive action ina 
Volcano is due to gases, chiefly superheated steam contained 
Under pressure in the magmas. They include bombs, lapilli and 
dust or ash. 

Bombs are lumps of lava forced off the 
by the current of issuing steam. They are sp 
arger in size than lapilli. 


ascending liquid magma 
herical in form and are 


Lapilli are angular fragments of lava similarly forced off by the 


issuing steam. 

The finest material is known as dust or ash. When the finer 
materials, dust or ash, get compacted the resulting rock is known 
as tuff. 


ন Agglomerate is a volcanic rock formed due to accumulati 
Pherical bodies like bombs. 


on of 


f Volcanic breccia is formed duc to accumulation "of angular 
ragments like lapilli. 


SEDIMENTARY ROCKS 


The sedimentary rocks are made up of fragments and parti- 
cles derived from older rocks. They are usually bedded or stratified. 
They also show cross-bedded or false-bedded structure and 
ripple marks. Further many ‘sedimentary rocks are fossiliferous. 
The texture of a sedimentary rock depends upon the condition 
Under which the sediments were deposited e.g.,. a coarse grain- 
ed sedimentary rock indicates shallow water deposition. Simi- 
larly a coarse grained chemically formed rock indicates that the 
crystallisation of the material dissolved in water took place under 


favourable conditions. 


Classification : 


1. Fragmental or sedimentary deposit. Formed by the 
cementation of fragments of pre-existing rocks which may be 
residual products of weathering or may be transported by air, 


Water or ice. 
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2. Chemical deposits : Formed by the precipitation of 
materials dissolved in Sea-water, lake water or in circulating 
water. 


3. Organic deposits : Formed by the accumulation of organic 
Temains or through the agency of organisms. 


FRAGMENTAL DEPOSI TS 


a. Pebbly or Tudaceous deposits €.g., conglomerate and 
breccia. 

b. Sandy or Arenaceous e.g., sandstone, grit and arkose. 

Cc. Clayey or argillaceous €.£., shale and clay. 


Conglomerate : This is formed due to . consolidation ll 
rounded pebbles or gravels with some cementing materia. 
The cementing material may be silica, iron oxide or calcium 


Breccia : This is composed of angular fragments of disinte- 
grated rocks by some cementing material. 


Sandstone : This is formed due to consolidation of sand 
grains with some cementing material which is usually either $1 
Or iron oxide or carbonates. Bedding planes and joints whic! 
develop in the consolidated rOcks and form surfaces of divi- 
into roughly rectangular blocks and a 
very useful for quarrying. The varieties, named after the Tis 
cementing material, ale siliceous sandstone, ferruginous san 
stone, calcareous sandstone and argillaceous sandstone. 


Sandstone is of uniform grains and usually light coloured 
and is extensively used as a building stone. 


z fs Tr 

Arkose is a Variety of sandstone with angular and FALE 
coarse grains of felspars in addition to sand grains. It is otherwi 
known as felspathic sandstone. 


হ্‌ 5 f re 
Grit is a coarse textured sandstone in which sand grains a 
bigger in size. 


Laterite : This is a product of tropical alteration of the i 
s and metamorphic rocks. " Laterite is a porous, pitted. clay-li 
ou 
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rock with red, yellow, brown, grey and mottled colours. It 

] Usually either ferruginous or aluminous in composition. Jn 

dia, it is used as a building stone because of the facility with 

a it is cut into bricks or blocks when freshly quarried and 

Re Property of hardening with exposure to air (Hence the name 
rite meaning brick from Latin word later—brick). 


i Shales : Shales are compacted clays and possess a finely 
ae ited structure by virtue of which they are fissile and break 
Cy into parallel sided fragments. Shale is formed due to: 
He Becton of clay. When it does not exhibit good lamination 
fol rock is called mudstone.. Shales are distigguished into. the 
i Owing types on the basis of their chemical composition : 
0 Argillaceous, (2) Arenaceous, (3) Calcareous, (4) Carbonaceous, 
) Bituminous and (6) Oily. 


y . Clays : Clays have a complex mineral composition. Different 
Arieties of clays are as follows :— 


gu 1. Fuller’s earth is a pure clay ot low plasticity. which 
isintegrates in water. It readily absorbs grease and:is used for 
leaching and filteration of oils. for cleaning cloth and taking grease 


Out of wool and for medical purpose. 


2. Bentonite is a clay derived from the- alteration. of vol- 
Canic dust and ash deposit and is muinly composed of mon- 
tmorillonite [A1,SisO.(OH)J. Bentonite. clays swell .enorinously 
On the addition of water yielding a viscous mass. This property 
Tenders the material useful for various . purposes such’ as the 
thickening of drilling mud in sinking of oil wells; it is also used in 
America as an. ingredient of moulding sand for foundries and 
as an absorbent in many processes. Bentonite has been employed. 
as a sealing layer in trenches and cofferdams to prevent the 
Percolation of water and as a slurry pumped into sand ‘or gravels to 
fill the voids and render the mass impervious. 


3, Fire clays occur beneath coal seams and characteristically 
y low content of alkalies. They can be exposed to high 
without melting or disintegrating and are used in the 
f refractories. 


have a ver 
temperatures 
manufacture © 
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4. Alluvial Clay is red silty clay formed in the river beds 
and useful in making bricks, tiles, terracotta and earthenware. 


5. China clay (or kaolin) is a pure white clay consisting 
in the raw state of the mineral kaolinite formed due to decomposition 


of felspars. It is used for the manufacture of China ware or 
procelain ware. 


Apart from uses mentioned above clays and shales are used in 
the cement manufacture. 


CHEMICAL DEPOSITS 


3 E ical 
Chemical deposits are mainly formed due to physico-chemica 
Processes such as evaporation and precipitation, 


Concretions : Rounded and nodular masses of rock Sine 
in chemical and mineral composition from the enclosing roc 4 
are called concretions. They often exhibit concentric structur' 


2 . ic 
around some nucleus, fossil Or inorganic fragment, e.g., phosphati 
nodule. 


Secretions are formed of substances due to deposition in 


the cavities of rock by percolating solutions, e.g., druse an 
geoid:. 


Dendrites are Secretionary forms of iron and nranganese oxides 
occurring as delicate growths resembling moss or small plants. They 
occur as coating on the fine grained limestones. 


Siliceous deposits. Hot-springs or geysers deposit around the 
orifice of eruptions in mounds or terraces silica material and that 1S 


Known as siliceous sinter. It is cryptocrystalline or opaline form 
of silica. 


The cryptocrystalline forms of silica like flint and chert are also 
of sedimentary origin formed by the action of percolating 
solutions. 


Curbonate deposits : These are formed due to precipitation of 
substances in solution, due to escape of carbon dioxide or rise of 
temperature or both, e. g., stalactites and stalagmites formed by the 
evaporation of water dripping - from the roofs of limestone caves 
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and flowing over their floor. Stalactites are the long icicle like 
Pendants from the roof and stalagmite is the material formed on the 
floor of the cave. 


In the same way are formed from spring waters certain porous, 
cellular limestones. These are known as calc-tufa, calc-sinter Or 
“travertine. 


Kankar: This is commonly found in tropical countries as 
irregular concretions of impure calcareous matter in alluvial plains 
and below the soil. They often occur as lumps or nodules. 


Other important deposits of chemical origin are rock salt and 
Bypsum, e.g., rock salt deposits of Punjab and gypsum deposits of 
Tiruchirapalli. 


ORGANIC DEPOSITS 


Organic deposits are formed due to the vital activities of animals 
and plants or due to the accumulation of their shells and other parts. 
They may be classified as follows on the basis of their chemical com- 
Position. 


Culcareous—PFossiliferous limestone, oolitic limestone. 


Phosphatic—Phosphatic nodules, guano. 


Eto? 


Ferruginous-—-Bacterial iron ore, oolitic hematite. 
4. Siliceous-—Diatom oozes, diatomaceous earth. 
5) 


Carbonaceous-—Coal, peat etc. 


Limestone : Limestone consists essentially of calcium carbo- 
nate and is formed organically or chemically. Impurities commonly 
Present in limestone include clay, silica in the form of quartz grains 
and other hard detrital grains. The varieties are as follows : 


J. Shelly limestone or fossiliferous, limestone-—a rock chiefly 
' composed of shells of marine organisms such as brachiopods and 
lamellibranchs. 


2. Coral, algal and crinoidal limsstones—taking their names 
from prominent fossil constituents. 
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3. Chalk—a soft white limestone made of finely divided calc hy 
carbonate containing the remains of minute marine organism Su 
as foraminifera. 


SEA [ Hie 

4. Oolitic limestone or oolite— made up of rounded ge 
formed by the deposition of successive coats of calcium carbona 
around a nucleus such as a grain of sand Or a piece of shell. 


- ্ E ich 
5. Dolomitic limestone and magnesium limestone—rocks whi 
conta.ii magnesium carbonate in addition to calcium carbonate. 


; pe es U- 
Limestone serves as chief raw material in cement man 
facture. 


Phosphatic Nodule : This is a sedimentary deposit which is 
nodular in form, xternally smooth, internally fissured and often 
filled with calcite and Bypsum. It occurs in the cretaceous rocks ©! 
Tiruchirapalli and is used as a fertilizer, 


Guano : This is another phosphatic deposit of directly TBC LE 
origin. Fish-eating sea birds live in great flocks on small islan ¢ 
for safety and the guano of commerce is obtained from accumula 
tions of their excrement. This is a very soluble substance. Hen + 
it is only preserved on islands in. regions which are practically 
rainless. This Valuable manure is limited to certain islands of the 
western coasts Of South America, South Africa and Australia, the 
main supply coming from islands of the Peruvian coast. 


Bacterial Tron Ore: This is formed due to the vital activities 
of certain: lowly Organisms of algal and bacterial character. 


Oolitic Hematite: This is also formed due to the action of 
iron bacteria which have the Power of extracting iron from solution 
and depositing it as ferric Oxide around their cells. 


Diatom Oozes, Diatomaceous Earth: These are of some 
commercial importance as abrasives and Polishing materials 
and used as absorbents in the manufacture of high explosives and 
also in the purification of wine. 


Coal, Peat etc. : These include the deposits formea due Sf 
accumulation of large amounts of plant debris, in various stages 0f 
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2lterations. Peat, lignite, coal, anthracite, cannel and boghead 
belong to this group. 


Peat is the first stage in the process of coal tormation. 
It is found in temperate and cold regions and is rare in the 
tropics, 


Lignite or brown coal is more solid than peat but less compact 
than coal. It may be of any tint between brown and black and 
retains a distinct fibrous woody structure. It represents an inter-° 
mediate stage between wood and coal. The ‘common varieties of 
Coal are well jointed, break into rectangular lumps and finely 
laminated in structure. 


Anthracite is the hard variety of coal with semi-metallic lustre 
and conspicuous conchoidal fracture. Of all coals, it is the richest 
in carbon and poorest in volatile materials. 


‘Cannel coal is dull black compact variety of coal with pitch 
like appearance and conchoidal fracture. The name cannel refers 
to its property of easy ignition and burning with a bright ‘smoky 
flame like a candle. Cannel coals contain a considerable amount 
Of mineral matter or ash and if this increases in amount 
Over the carbonaceous matter, cannel passes into cil shale. 
Cannel coals are formed by some chemical processes acting 
হট spore-rich vegetable slime or on accumulation of oil-rich 
Algae 


METAMORPHIC ROCKS 


Metamorphic rocks are those rocks which have undergone some 
chemical or physical change subsequent to their original formation. 
The word metamorphic means “change in form’’ and metamorphism 
is used as a general term for all those changes by which 
the original character of rocks is more or less completely 


altered. 


The changes which occur in metamorphism are the result 
of the addition of heat or the operation of pressure or both 
with the action of the chemical agents. Large scale changes in tem- 
perature, Pressure and chemical environments upset the phy- 
sical and chemical equilizrium of the mineral assemblage and. 
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J jis 
metamorphic changes take Place as a result of the effort to Ws 
a new equilibrium. The Constituent minerals of a roc itiONS 
hich are more stable under new condi 


y i EW 
and with a new Structural arrangement better suited to 1m 
conditions. 


of metamorphism to which 
to minerals commonly foun 
there are certain minerals 
rocks only. Minerals characteristic of ite, 
tremolite, kyanite, Staurolite, talc, Serpentine, mica and boi 
The banded or the laminated “character given by the Perit 
arrangement of its minerals is the most striking peculiar! 
of a metamorphic, Tock. There are two broad classes © 


H . 10 
metamorphism, viz, thermal metamorphism and dynamo therm 
metamorphism. 


a are 
metamorphic rocks 


‘Thermal Metamorphism : Here the 
factor. This is due (1) to the increase in depths below lar 
Sriace and (2) to the magmas which intrude into crystal a 
he country rock or the Original rock is Soi 

‘liquid emanations from intruding magma and t Ys 
brings about the mineral transformation. Where there is 4 
change in the bulk composition the thermal metamorphism ! 
known as contact metamorp/,isp and Where there is addition © 


« a “Ras Us 
magmatic material to the metamorphosed rocks it is known 
additive or Dneumatolytic metamorphism. 


inant 
heat is the dominan 


Dynamo Thermal Metamorphism : 


The combination of pre" 
ssure and heat form 


One of the ‘most powerful metamorph 
forces leading to More or less complete recrystallisation Wi d 
new structures. Because this kind of metamorphism is 2h 
with mountain building Processes, it is known as dynamo CO 
metamorphism. Typical rocks of this metamorphism are schis 
and gneisses. 


. ne 
No rood rl LE ELL 
conditions rocks get completely pulverised and rolled out a 


“gre termed mylonite. 
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Palingenesis: In regional metamorphism, when igneous 
bodies inject, due to extreme conditions result complete mixing and 
melting of rocks with the production of new bodies of magma. 
These again form intrusive rocks. This process of regeneration of 
magma is termed palingenesis. 


Uralitisation: At the early stages of metamorphism, usually 
ferromagnesian minerals get altered to chlorite and that 1s 
known as chloritisation. By further metamorphism, hornblende 
1S produced from pyroxene with epidote or zoisite and quartz 
Occurring as byproducts. This process is known as uralitisation. 

The most common type of metamorphic rocks are gneiss, 
quartzite, slate, various schists, crystalline limestone and marble. 


CLASSIFICATION OF METAMORPHIC ROCKS 


Structure & texture Composition Rock name 
Massive, banded con- Various tabular, Gneiss. 
Sisting of alternating prismatic and granu- 

lenses. lar minerals (fre- 


quently elongated). 


Granular, consisting Calcite, dolomite, Marble. 

mostly of equidi-- quartz, in small quartzite. 

mensional grains: particles. 

Foliatdd or piaty- Various tabular and Schist, serpen- 
prismatic minerals tine rock, slate, 
generally elongated. phyllite. 


Gneiss. A very common rock type is found especially in the 
oldest rocks of the Archaean age. Gneisses have been most 
commonly derived from the metamorphism of igneous rocks 
mostly granites but may have been formed from sedimentary TrOCKS 


as well. 


Gneiss is a coarse grained rock exhibiting gneissose structure. 
It is composed essentially of . felspar, quartz and mafic minerals 
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Such as mica or hornblende. Garnets are common ace 
components. The successive mineral bands in a gneiss are, 


Varieties are named after the Chief mafic minerals as hornblende 
Sneiss and biotite Elely: TP g gneiss is formed from the 
metamorphism of an igneous rock it is called Ortho-gneiss. Ifit 
results due to the metamorphism of a Sedimentary rock it is known 
4s paragneiss, Augen gneiss is a gneiss containing large lenticular 
Crystals or aggregates of crystals, which are eye shaped. 


Usually gneisses Tepresent good e 


. . “4 t 
y gineering materials excep 
for those With a super ab 


undance of mica flakes. 


 Schist: This is largely composed of flaky minerals such as 
Lc chlorite talc and hornblende which have a predomi- 
nantly parallel Arrangement called schistosity. The flakes or 
foliae into Which the rock breaks, all have a similar mineral 
) the surfaces are lustrous. In addition to the flaky 
minerals there will Sencrally be some quartz grains present. 
influence of Stress, often become elongated 
Sth in the Surfaces of schistosity. - 


Mica schist is Produced by’ the metamorpnism of original 


clay or Shale Tis Composed largely of mica (biotite and 
muscovite). 


Chlorite schist is formed by the metamorphism of basic igneous 
rocks under conditions of high stress and Jow. temperature and eon 
EL Predominantly OF chlorite With some quartz and a little 
garnet or magnetite. 


Hornsiende FONE 16 Made essentially of hornblende and isa 
metamorphic. Product of a basic rock like basalt or dolerite, 
fhe 0c AOL Occurring unger conditions of moderate stress and 
moderate temperature. 


Eclogite, a rock composed of pyroxene, EET Cs 
is formed from similar original material under conditions of low 
stress, high pressure and high temperature: 
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Talc schists and some serpentine rocks are formed due to stress 
metamorphism of ultrabasic rocks like peridotites 


Slate. This is a low grade metamorphic rock and is dark col- 
oured platy rock with extremely fine texture and easy cleavage. 
Because of this easy cleavage slate is split into very thin sheets and 
used as roofing material. It is essentially composed of chlorite, 
Sericite and quartz. The presence of minerals like pyrite and 
Marcasite are highly objectionable. 


Phyllite is formed due to action of heat along with stress 
during the metamorphism of argillaceous sediments. It differs 
slate by its lustre, due to the presence of crystalline mica 
akes. 


Mica schist results due to intense metamorphism of argillaceous 
sediments. There is thus a gradation, 


shale slate—phyllite—mica schist, 


which results from the stress metamorphism of material which 
Was originally mud ending with a completely crystalline rock. 


Quartzite. This is formed due to metamorphism of siliceous 
rocks like sandstones. It is chiefly composed of granular quartz. 
If iron impurities ‘are present banded hematite quartzite results. Itisa 
common and widely distributed rock. “Tis extreme "hardness 
renders it unworkable in masonry but it serves asa good road 
metal. 


Marble. This results from the metamorphism of limestones. 
It i composed mainly of interlocking grains of calcite. It is 
very dense and exhibits a wide variety of colours depending 
upon the impurities present. When the rock is broken, a highly 
brilliant surface is apparent because of the-large size of the crystals 
normally found in marbles. Marble can be scratched with a 
knife and it easily effervesces with dilute hydrochloric acid. 


Dolomitic marble effervesces with HC! only if powdered. 


In buildings marble is used for facing exterior and interior walls 
and floors. Some varieties are used for decorative purposes as they 


1i4 
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i , aA € 
take high polish. Some other varieties are used in the manu iam 
of cement, preparation of lime, as flux in metallurgical furnaces an! 

in chemical industries. 


J 


QUESTIONS 
Group-A 

Match the following : 

1. Phaneric a. Granite 
2. Leucocratic b. Composed entirely of Olivine 
3. Gabbro ¢c. Hypabyssal Rock 
4. Pebbles d. Light coloured d 
5. Salt pepper pattern e. Crystals visible to the nake 


3 eye 
. Dolerite 


5 ! f. Coarse Sandstone 

7. Stalactite f £. Organic deposit 

8. Grit A. Shale 

9. Guano 1. Chemical deposit 

10. Porphyritic J. Plutonic equivalent of 
basalt 

I. Compacted ct, k. Conglomerate R 

12. Dunite 1. Large crystals embedded in 


a groundmass of smalle 
grains 


Select the best term to complete the following statements. 


(1) The main mineral found in Limestone is : 
a. Garnet b, Peat c. Calcite d. Limonite 
(2) The rock made of cemented quartz grains is : 
a. Conglomerate b, Clay c. Gabbro d. Sandstone 
(3) Fossils "may be found in: 
a. Granite b. Obsidian c. Schist d. Limestone 
(4) One of the typical monomineralic rock is: 
a. Dolerite b. Dunite c. Diorite d. Diabase 
(5) Basalt is che volcanic equivalent of : b 
a. Gabbro b. Arkose c. Gneiss d. Granite 


II. 


Il. 


Il. 


IV. 


VI. 
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Decide whether these statements are true Or false. Reword the 
false statements to make them true. 


(1) Conglomerate is a fine grained sedimentary rock. 

(2) Fossils are often found in intrusive igneous TOCKS. 

(3) Granites are usually leucocratic, in colour. 

(4) Magmais nothing but a molten liquid underneath the earth’s 


crust. 
(5) Basalt resembles Dolerite to a great extent. 


Group-B 


(a) What are the three principal kinds of rocks? 
(b) Explain the basis of their classification. 
(c) Describe their chief characteristics with examples. 


Give the differences between Plutonic and Volcanic rocks. State 
the mineral composition and textural features of the following 


rock types. 
(a) Granite (b) Diorite (c) Andesite (d) Dolerite 


Classify the secondary rocks and describe an example from each. 

Critically comment the following statements . 

(a) Of the three classes of rocks, igneous rocks are the oldest. 

(b) Many sedimentary rocks are fossiliferous. ks 

(c) ‘The banded or laminated character is the most striking 
Peculiarity of a metamorphic rock. 


Describe the mineralogical composition, texture and economic 
importance of any three of the following rock types. 


1. pegmatite 2. Peridotite 3. Laterite 4. Marble 5. Syenite- 


wWirite an essay on metamorphisra. 


CHAPTER V 
SL 40 oc GRACE 


STRUCTURAL GEOLOGY 


met With in the field is essential in carrying out successfully many 


. « . y in 
engineering works Such as Construction of dams, funnels, mounts 
roads, canals etc. 


IGNEOUS ROCKS 


Structure Ee 
EE BAAD Ae EEE stal- 
Extrusive Lavas Glassy or finely cry: inG 
Intrusive— Major Batholith and Coarsely crystalline 
aAccolith 


Minor 


Dykes and sills Mainly fine grained 
Extrusivye Rocks 


Volcanic neck (or Pipe) is a rocky crag consisting of solidified 
lava which formerly filled the central opening of a volcano and has 


been left isolated when the remainder of the cone has been worn away 
by weathering and erosion, 


Fig. 36. Lava cones. 


‘Flou's.. The most common form. of: extrusive rocks is 
Lava pe 


Hon, Ee form ofa lava flow is determined by the fluidity 
- flow. ly 
the lava 
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of the magma which in turn depends upon its chemical composition 
and the temperature during eruption. The igneous rocks are mainly 

. Of two types, acidic and basic. Acid lavas are highly viscous and they 
do not flow freely, but they get heaped up around the vent of 
eruption. They form what are known as laya cones. 


. Basic lavas are highly fluid and they flow over large areas, 
Just as in the case of the Deccan Trap formation in the Indian 
region. Such lava flows are called Sheets of Lava or Lava Sheets. 


Fig. 37: Lava sheets. 


. Block lava. Some lava flows get covered with a mass of rough, 
Jagged, angular blocks of all dimensions when they are described as 
block lava. 


Ropy lava. Very mobile lavas solidify with much smoother 
and highly glazed surface often exhibiting wrinkled, ropy of. corded 
forms similar to those displayed by flowing pitch. These are known 
as ropy lava. 


Block and ropy types of ava are best developed in basalts and 
may occur side by side in thé. same flow. 


Pillow structure. Most of the basic lavas exhibit the appearance 
Of a pile of small masses resembling pillows, bolsters, sacks and 
cushions. This is known as pillow structure. The interspaces of 
the pillows are filled sometimes with breccia cemented by secondary 


minerals. 


Flow Structure. Lava flows differ slightly in composition, £as 
content, viscosity and degree of crystallisation during and immediate- 
ly after the extrusion. During the process of flow the vesicles and 
bubble cavities are elongated in the direction _of lava flow into 
parallel Jenticles. This kind of structure is known as flow structure. 
Acid lavas-and sub-acid lavas such as rhyolites and trachytes show 


perfect flow structures. 


7 -_ ক 


118 A TEXT BOOK OF GEOLOGY 
Intrusive Rocks 


Batholith. This is an irregularly shaped mass of plutonic 
igneous rock. The name itself means depth-rock. Of deep 
Seated origin, it may now appear at the surface due ‘to denudation 
and crosion and ‘when it does so, being usually harder than the sur- 
rounding strata, it stands out in hills or ridges. Itis characteris: 
ed by steep sides and no known floor. 


. { fr 

Stocks are irregular masses of batholithic habit of STL 

dimensions than those above and boss is applied to her 
stocks in which the Outcrop is approximately circular. Stoc 


HE 
and bosses are usually’ offshoots from a larger batholithi 
mass 


The Jargest known igneous bodies of the world are among the 
batholiths and where exposed at the earth’s surface they cover 
hundreds of square miles. Batholiths are found in regions © 
folded rocks, especially in the cores of mountain folds and generally 
Possess an acidic (granitic) composition. 


Fig. 38. Batholith. Fig. 39. Laccolith. 


accor eA Magma of considerable viscosity injected into 
stratified rocks does not Spread very far, but tends to heap 
itself up about the Orifice of eruption. Thus a bun shaped 
mass of igneous rock is formed which has a flat base and a 
domed top; the strata above it are lifted up in the form of an 
inverted bowl. This type of intrusion is described as Jaccolith. 
Laccoliths are Occasionally circular or more often elliptical যা 
ground plan according as the supply is from pure cylindrica 
vent or from ani elongated fissure. 
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of laccolith and its stiffening due to 
g of the lateral 


iE 1S termed 


EE IE the injection 
সীল at the contacts,-it may cause 2 steepenin 
টে gins of mass almost to verticality when 
ysmalith. 


form called phasolith has both 


A somewhat similar intrusive 
intruded 


r 
Nd floor curved. Thisis due to the magma having been 
0 rocks which were already folded. 


ns of basic rocks which 
d are centrally 


hi Lapolith. These are massive instrusio' 
ৰ RR concordant, have a lenticular shape an 
en like a saucer or basin. 


Fig. 40. Lapolith. Fig. 4l. Dyke. 


Dykes. The intrusion of magma i j 
ES which cut across the bedding ES EE 
SE rock, results in the formation of dykes. A dyke (Scots: 
_ a wall of turf or stone), as the name indicates, is th ৰ 
narrow, elongated, parallel sided wall of i EEE te he 
thickness may vary from an inch or two to Tnany hundr ন of f 
but the great majority of dykes are probably les I 10 fee 
thick. Similarly the length of a dyke ma; Ee ত fr S ঞ 
yards to many miles. Dykes are frequently He Ne UB a 
than the enclosing rocks and tend to project as w. ER ERS 
Dykes tend to occur as systems or swarms which লাল খা 


direction of radial. 


Sills are thin tabular sheets of magma which have pene 
trated along Approximately horizontal bedding planes. They 


show parallel upper af 
lower margins for COT 
derable distances; but 
they thin out ‘in distane? 
the shape is flatly len 
ticular, The thickness ns 
vary from a few চ 
ches to many hundrec 
of feet. Sills spread to ! 
2 distance which is depende™ 

ic force with which they were injected, be 

free of fluidity and the weight of the bio 
1 they have to lift in order to make room f0 
Since basic magmas are more fluid than Boa 
TMposing the more extensive sills are usually dolerite 


the rocks co 
and basalts. 


is indicated by differences of composition, texan 
On or colour disposed in approximately para 
ll known feature of sedimentary rocks is known H 
ratification, otherwise Obscure, is frequently brouB 


hardness, cohesi 
bands. This we 
stratification. St 


Over wide regions the stratified rocks appear to be lying in চন 
general way in the horizontal position in which the beds were lal 
down ans to have been raised to form land surfaces, without serious 
displacements; but in Other places, notably in mountain regions, 
this is not the case. Here, on the other hand, we find the strata in- 
clined often at high angles, thrown into folds, contorted, bent 
and often more or less broken. This deformation of strata results 
due to tectonic earth movements such as the mountain building, volca- 
nic movements ctc. 


Sedimentary rocks exhibit certain special surfacial features such 
as current bedding or false bedding and ripple marks. 
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Current Bedding or False Bedding is 4 peculiar type of 
Structure characteristic of sandstone and littoral or shallow water 
deposits. The layers are often inclined to one another at various 
angles due to changes or. oscillations in the direction and strength 
of the agents of transport and deposition, i.e., water and wind. This 
cd is: developed in even more striking fashion in sand 

nes. 


Fig. 43. Current bedding . 


Ripple Marks. In shallow water, it is frequently noticed that 
the sand at the bottom has been thrown up into 2 series of 
Small parallel ridges by the action of the waves. These ares 
known as ripple marks. Ripple marks are produced by the 
oscillation of the water driven into movement by wind playing 
over its surface. Similarly we see various kinds of surfacial 
features on fine grained sedimentary rocks like sandstones and 
Shales. 

Examples. Wave marks near sea-shores, sun-cracks round the 
shores of inland seas and lakes, rain-prints and animal tracks on fine 


grained strata. 


Concretionary Structures. They are usually externally smooth 
and “compact, but ofter internally fissured, the fissures being 
Sealed with some mineral which is' frequently calcite. They 
occur as inclusions in sedimentary rocks and are rounded and 
HOdular inform: Some OCCUITENCES are quite spherical, others 
flattened ovate, elongated, ring-shaped or compound, exhibiting odd 
and fantastic shapes, €.8., Phosphatic nodules. 


122 A TEXT BOOK OF GEOLOGY 


bj os Although the sedimentary rocks were deposited in 
a or less horizontal Position it is, nevertheless, of common 
ence to find them in tilted and disturbed position. This defor- 


্ brought about by the compressive 
tal earth movements. Owin these 
L } g to 

€S massive sheets of strata are found inclined and 


i RE be Or folds miles across. The variations 
of fo ; ] 
folds. Ing have given rise to different types © 


| NE 
Crest re Antichinal axis 


| 
|| 
|| 
--1T-- 
|) 
1 
| 
| 


{7 পখ্খূল fold Lm 
MM Sfnciiunl anis 


Fig. 44. 


In a series of folds 


- » it is evident i they 
consist of alternate cre that, like waves, 


Sts and troughs. The crests of the 
folds are termed 
D ‘anticline’, while the 
troughs are usually 
called ‘synclines’. 
An anticline an 
a syncline constitute 
a fold. The crest 18 
the highest part of 
= the curve where the 
ABCD - Axtal plane dip of the bed is 
B XY - Crest ine reversed. The limh 
Fig. 45. or flank of a fold is 
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the sloping side from 

the crest to trough. Spmjeteieal {ad A 
The plane bisecting 2A 
the vertical angle bs: ose 


between equal slopes 
On cither side of the 
Crest line is known 


4s the axial plane. herrea fold 


Fig. 46. 
ti If the axial plane 1s vertical and the limbs are of equal inclina- 
ton to it and of equal length, the fold is symmetrical. 


If the limbs are unequally inclined to the axial plane or of un- 
equal length the fold is asymmetrical. 


Fig.47. Kinds of folds. (a) Vertical, (b) Inclined, (¢) Overturned, 
(d) Recumbent, (e) Dipping. 


If the plane is inclined but not sufficiently inclined to invert any 
Other beds, the fold is inclined. 


If the axial plane is vertical the fold is vertical or upright. 


If the axial plane is sufficiently inclined to invert the 
stratigraphical order of any of the beds, the fold is overturned 
or inverted and when the plane is horizontal the fold is re- 


cumbent. 


Jf the apex of the fold is depressed below the axis of the fold 
it is said to be dipping. 
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A monocline or monoclinal fold is inclined in one direction 
represenied by the portion of the bed with a steeper dip connecting 
lower and higher segments of the same bed. 


Fig. 49. Isoclinal fold. 


An isocline or isoclina 
a succession of closed fol 
overfold in which both limb 


l fold is a repetition of the limbs of 
ds standing at the same inclination or 
S Show the same amount of dip. 


Parallel folds are a series of flexures or undulations in which 
the beds run in parallel sinuosities. 


Pitch. lhe dip of crest Jine is sometimes called Ditch: 
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lin Plunging or pitching folds. These folds have 1 inclined crest 
e which may dip below the other transgressive layers Fig.50(a). 


[0) 


(0) 


0 Fig. 50. Pitching fold. 

'n the map the pitching folds show that the two outcrops of the bed- 

8 surfaces of a stratum on a nearly flat surface convrge and 
ect each other in the direction of the pitch Fig. 50(b). 


{a) (b> 


(a) Dome. Fig. Sl. (b) Basin. 


Jf the strata are folded also in; the axial plane of the folding 
they may form a dome or a basin. A dome is anticlinal in two 
Vertical sections at right angles to each other whereas a basin 
is synclinal in two such sections. The. former is also known as 
quaguaversal fold. Domes and basins are characterised by radial 
dips of the strata. 


Anticlinorium and SVT clinorium are terms applied respectively 
to an anticline or a syncline when it is a composite fold. Anticlinoria 
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and synclinoria are good exaniples of large fold mountain #4 
Alps and Himalayas. Normal Anticlinorium is fan shape 


AS 
in 


Fig. 52. Anticlinorium, 


B ail 
structure and here the folds dip towards the centre of the mount |) 
massif. Synclinorium is common in the region of intense ¢ 
movements e.g. Alps, Himalayas. 


Fig. 53. Synclinorium. 
Conformity and Unconformity. Strata deposited dunia 
period of sedimente ্্‌ 
are conformable or ¢ fi 
cordant, when the STU | 
fied deposits occur as il ul 
larly and continuously cl 
beds, a layer after lay 
without arly change in oe 
general parallel arrant 
ment. The structure t ) 


ced 1S known as Cconformability Or conformity. When 
prod 
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after one period of sedimentation, have been lifted up, deformed, 
eroded and again submer- 
ged to serve as the floor 
for a new deposit, the 
new series of strata will 
be lying unconformably 
Or discordantly upon the 
Old series. Then the 
structure produced is 
known as unconformity. Fig. 55. Unconformable beds. 
Unconformity indicates 
that there is no connection between the sedimentation of the first 
and the second period and that they were deposited in two indepen- 
dent seas or lakes, during two different periods. 

Overlap. When the upper beds of the sedimentary formation 
extend over a wider area than the lower beds of the same series, 


Fig. 56. Overlap. 
the structure then produced is known as overlap. 
is developed as a result of submergence of lan 
of the sea. 
The subsidence of a region below sea level is known as = 
submergence of land or transgression of sea: The retreat of sea 1s 
known as a marine regression or an emergence of a land. 


This structure 
d or invasions 


Outlier 


| Fig. 57. 


Outlier and Inlier. An outcrop of rock which is completely 
surrounded in plan by older rocks is called an outlier. The 


A 
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Converse of this is an inlier, viz., an area of 0. 
newer. " Inliers are often developed in valley: 
down and exposed locally the Tocks wh: 
sides of the valley. 


Ider rocks surrounded by 
S Where streams have cut 
ich are below those forming the 


movement or dis- 
Placement of the TOCks. Faults are due to unequal compression or 


tension on adjacent parts of a formation. Other causes are withdrawal 
of foundation rock due to the leaching out Of certain layers or the 
shifting of magmas and Contractions due to the cooling ef magmas. 


The fault occurs along 

4 surface which usually 
approximates to a plane. 
The actual Plane of fault 
and slipping along which 
the strata have Eiven way 
is known as the Sault 
Heave Plane. A fault plane has 
s a direction and amount 
AE 0 inclination, — the 

amount being the angle made with the horizontal. The general 
inclination of the fault from the vertical is called the hade of the fault. 
The amount of vertical displacement is known as throw of the fault. 


The side which is relatively raised is called the upthrow side, the 
other the downthrow side, 


~~ —; ) A 
Ae - ই 
| Y 
3 | 


[24 


a“ teh 


t 
$8 BAY 
¥ Hi) A 


d Fig. 60. Fig. 61. 
Fig. in Vertical fault. Reverse fault. 
Norma. l 
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A fault is a normal fault when the fault plane is inclined to the 
downthrow side. 

A fault is vertical when the fault plane is vertical. 

A reverse fault is one where the fault plane is inclined to the up- 
throw side. 

Thrust Faults are low angle reverse faults in which the dip may 
be only a few degrees while the length a few hundred miles and the 
horizontal displacement a few tens of miles. The movement is known 
as over thristing or under thrusting. 


Fig. 62. Strike fault. 
A fault is a strike fault when the strike of a fault plane appro- 


ximates to the strike of the bedding and a dip fault when it approximates 
to the dip. 


Fig. 63. Dip fault. 
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Step fault. A series of Parallel faults which displace the separated 
blocks always in the same 
direction is called a step 

fault, 


A Zone faulted by two series 

Of step faults facing each 

Fig. 64. Step fault. other is called a rift, graben 
Or trough fault. A central 


Aes On both sides of Which adjacent beds have been faulted down is 
OFS. 


us 
ad 


Fig. 65. Trough fault. Fig. 66. Horst. 


Slicken sides. In some places the rocks along a fault are polished 
due to movement. Such Polished surfaces are known as slicken 
sides. 


These fault planes Temain as lines of Weakness in the rocks of 
an area subject to earth movements and often act as “safety valves” 
for the relief of Strain; the relief is Eenerally effected by further sudden 
relative move Dl le roc fOMkench side of the fault, thereby 
producing the phenomenon of earthquakes. 


Lines of faulting therefore Benerally have to be avoided and no 
important str a Should be built transversely across the line of 
strike of a fault. Among Very ancient rocks faults may become 
“dead’’ or mineralized into Veins and thus may be perfectly safe. 
Joints. Joints Are planes of division in the Tock and may traverse 
h igneous and Sedimentary rocks. They should not be confused 
bot 8 faults or bedding Planes. Along the Planes of joints there 
with el ement 4s in the case of faults. Joints are ordinarily 
is no 


bedding planes. 
than the 
smoother 
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The chief causes for the development of joints are as follows : 
1. The shrinking of igneous rocks 


on cooling develops characteristic 


types of joints. Columnar or prismatic 


joints are developed in basalt. and 


other basic rocks and mural jointing 
in granites. 
2. Joints may form due to pressure 


Fig. 67. Columnar joints. 
and when they are closely Spa 


the rock has fracture cleavage. 


Fig. 68. Mural jointing . 


ry rocks one set of joints is usually along the bed- 
the dip and strike and 


the other two are parallel to 
ly. Joints which keep 


are called dip joints and strike joints respective 
the same direction for long distances and run through a considerable 


thickness of beds are called master joints. 


In sedimenta! 
ding planes while 


From the economic point of view, joints in rocks are planes 
of easier detachment of the rock. Compact, unstratified and un- 
cleaved masses are difficult to mine while laminated or well cleaved 
rocks with many systems of joints are broken at much less € 

rocks of com- 


Rift and Grain. These are directions in granitic 
one horizontal 


paratively easy splitting at right angles to one another, 
snd; the other vertical, used by quarrymen in dressing the blocks of 


Xpense. 


DD 
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CKS. 
small dimensions while mural Jointing is used to procure large blo 


f akS 
In the direction at right angles to both rift and grain the granite bre 
with a rough irregular fracture. 


STUDY OF GEOLOGICAL MAPS 


+ KS 

A geological map shows the distribution of the various । 

or formations at the surface of the ground and also the £°0L OFA 
features. The rock formations are indicated on a geologica 


টী k inds 
by various colours or Patterns, and the structures by different kin 
of lines and conventional signs. 


Shale 


~~ ন এল + 1. 
YY 1৭4+4++ 
পপ + ++4 
Ad +++ 


Limestone Alluvium Igneous ro 


Fig. 69, Conventional Signs. 


upon a map through points havin 
the same altitude above mean sea level. Contours are drawn 


some equal vertical distance Which is called the contour interval. 


A profile section shows the Shape of the surface it would A 
in vertical cross section. It consists of four lines—the profile jth 
or the top line formed by the intersection of the vertical plane W § 
the land surface, the base line or a horizontal line SRBTESnt TE 

enient level below the Jowest of the profile line and the two ale 
ated drawn perpendicular. to the base line. The position of pro 
oe is marked ‘on a map by a line of section. 

5 


f the 

vwinen a bed of rock appears at the surface of th 

ৰ on said to outcrop at that locality. If the rocks remain 
i L 

gTOUD 
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always in the horizontal plane in which they were laid down, only 
the upper beds would ever be visible. Fortunately, this has rarely 
Occurred and in most localities earth movements during and subsequent 
to the deposition of rocks have caused the strata to be inclined so that 
they outcrop at the surface in succession one after another. The 
form of the outcrop of a bed depends upon the direction and amount 
of its dip and the topography of the land surface. The angle at which 
they are inclined to the horizontal is called the angle of dip. 


True dip. True dip or full dip is the maximum angle which 
an inclined bed makes with the horizontal. It is the. direction in 
Which water would flow if poured on the upper surface of the bed at 
the outcrop. 


Srike. A horizontal line in the plane of surface of the bed is 
called a strike line. A strike line is a level line and can be imagined 
as a contour line for the surface of the bed. If the bed is uniformly 
inclined strike lines on it at equal vertical intervals will be parallel 
straight lines at constant distance apart. If the bed is not uniformly 
inclined, but folded or contorted the strike lines on it will bend and 
curve just as the contour lines do on an uneven ground surface. Strike 
lines or stratum contours are lines drawn upon a map joining all points 
on the surface of the bed having the same height. The points where 
a stratum contour intersects a ground contour of the same height, are 
the points at which the surface of the bed will outcrop at the groun 
surface. For the present however, we will consider only strats of 
uniform dip and our strike lines will be straight running in a direction 
at right angles to the direction of the true dip. 

l 

Apparent dip. The inclination of the bed to the horizontal in 
any direction other than the direction of the true dip will be less than 
the angle of true dip. It is called an apparent dip. 


The angie Of dip is defined in terms of the degrees from the hori- 
zontal or in terms of the angle, i.e., a dip of lin 5 means that two 
strike lines 100 feet vertically apart would be 500 feet horizontally 
apart, the tangent of the angle of dip being 1/5. Unless there is definite 
information to the contrary the term dip used without qualification 
should be taken as meaning true dip and not apparent dip. 
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The figure Tepresents a flat, uniform bed rock which is tilted out 
of the horizontal. The horizontal line SS On the sloping surface re- 


The following are Some of the problems involving true and appa- 
rent dips :— 


Problem 1. Given the Amount and direction of true dip; to 
determine the apparent dip in any direction. 


| Example. A Coal seam dips-at the rate Of I in 5 in a direction 
due south. Find its apparent dip m the direction S 60° E. 


Method. Draw the north 
direction line. Draw AB 
5 units long in the dip 
direction. BC drawn per- 
pendicular to AB gives the 
Strike direction. Draw AC 
making 60° with AB to cut 
BC at C. Measure AC. 
AC is found to be 10 units 
Fig. 71. and therefore apparent dip 
in the direction AC is 1 in 10 
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Proof. Since AB is 5 units long B is 1 unit below A. Since 
BC is the strike line Cis at the same level as B,i.e.,Cisl unit below 
A. AC is 10 units long. Hence apparent dip along AC is 1 in 10. 


Problem 2. Given the amoupt and direction of true dip; to 
determine the direction of any given angle of apparent dip. 


Exampie. A sandstone bed dips at therateoflin4ina direction 
N 45° W. Determine the direction in which the dip of the strata 
1S] in 8. 


Method. Draw the north direction line. Draw AB 4 units 
long in the direction N 45° W. Draw CD perpendicular to AB. CD 
is the strike direction. With A as centre and 8 units as radius strike 


D 


Fig. 72. 


off arcs to cut the strike lineat Cand D. JoinAC and AD. Measure 
£LABC and BAD. Both are equal to 60°. Therefore the directions 
in which the bed dips at rate of lin 8 are S 75° W and N 15° E. 


Problem 3. Given the rates and directions of two apparent dips; 
10 determine the true dip. 


Example. A bed has the following apparent dips, lin 7 in the 
direction N'50° E and lin 5 in the direction N 35° E. Find its true 
dip. 
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Method. 


its 
Draw the north direction line. Draw AB 7 un 


0 
in the direction N 50 ff 
NL 2 and AC 5 units long 


E. 

the direction N 32 

7 শো BC is the strike ar 
| tion. Draw AD perp ; 
dicular to. BC tie 
A. ADis3.5 unit 


angle NAD is 


AD =2'5 units 


EC 4D 

NAD ~ 44° Hence true dip 1S 

5) 3.5 in the directio 
Fig. 73. N 11° W. 


If the angle of di 


z low" 
P Of the bed is expressed in degrees the fo 
ing method may bé a: 


dopted. 


Example. A bed 
direction of N 60° 


dip and the directi 


in the 
has the following apparent dips, 15° i true 
E and 25° in the direction N 70° W. Find 
On in which the apperent dip is 20°. 


Fig. 74. 


nd 
Bethod” Draw OA and OB in the directions N 60° FOB 
° W respectively. OC and OD are Perpendiculars to AS with 
N70 otively and one unit long. Draw. CA making 90—15= ‘+ DO. 
rep ting OR, at ADEA DBT LE SOS BSL rite 
Eo OBE B. Since A and B are at the same level AB is the st 
cutting ৰ 
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i for the bed. Draw OE perpendicular to AB. Draw OF perpen- 
icular to OF and one unit long. Join EF. 


Amount of dip= ZL FEO==39°. 
LNOE=1I%, i.e. dip direction=N Lit° W. 


‘Three point problem. A,B,C and D are 4 stations at the corners 
ofa square of side 3000 feet on level ground. Bis due west of A and 
Cis due south of B. Bore holes at A, B and C meet with a coal seam 
EL depths of 500 ft., 200 ft. and 300 ft. respectively. Find the dip and 
strike of the seam. At what depth will the seam be met with at D. 


scale ' 1"=2000 


Fig. 75. 


Methou. Construct the square ABCD to a suitable scale. AB, 
the line joining the highest and the lowest levels of the bed is divided 
Into 3 equal parts (3 being the difference in level between A and B 
divided by the contour interval which is here assumed to ve 100). 
One of the points, E thus obtained has the same altitude as C and the 
line CE is therefore the strike line of the bed. Draw other parallels 
to CE through the points of division of AB and number them. Draw 
other parallels as necessary with the same spacing for values outside 
the range from A to B so that a strike line passes through the Station 
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D. The value of the stratum contour that passes through D is yr 
Therefore the depth at Which the coal seam will be met with at 
600 feet. To find Amount and direction of dip draw BF PerESB 
cular to CE. Measure BF ana £EBF. Tf 9 1s amount of 


100 100 
tan 8 BE = 50 Therefore a=7 
LEBF=200i.c. Dip direction is inclined to AB at 20°. 
-প "1 DEH 
ঢ় Lhe 0 gE 
[= [:) 
(a) (0) PD Ne 


Wa» tcosec® Ww» tcosec(6-P)cosf w= tcosec(8 +) 098 


Fig. 76. 


s 

Outcrop in Relation to Topugraphy. A series of dipping Fs 
will have outcrops of different shape and width, according to ks 
thickness and to the topography of the place. In general, the Tie 
the slope of the ground, the wider the outcrop. If the direction 0 
slope of the ground, and the direction of dip coincide the outcrop oo 
given bed will be wider than When these directions are opposed 
4 bed is vertical the width of its Outcrop is a minimum. 


t্‌ 51d 
The three cases of V shavea uuicrop in a valley are as follow! 


alley 
(a) When beds dip in the direction opposite to the fall of the va 
V points up the valley. 


alley 
(b) When beds dip in the same direction as the fall of the va 


and ata greater angle V Points down the valley. 


Ns ley 
(c) When. beds dip in the same directi n as the fall of EEE 
und at a smaller angle V Points up the valley and is longer than i 


id. 
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Section on YY 


Section on ZZ 


Geological maps and sections are the two chief means of obtaining 
Eeologic information in a concise form. A topographic map marked 
With additional details regarding the rock formations and the structural 
features like strike and dip of the beds, faults, folds etc., constitutes 
the geological map. Topographic map by itself may also convey & 
certain amount of geologic information as the topography tends to 
reflect the structure and composition of: the underlying rocks. 
geological section represents the way the rocks would appear on 
side of a trench cut vertizally into the land surface. Geological see- 
tions are commonly used along with geologicai maps in all economic 
applications of geology; for example, mineral prospecting, mining and 


the 
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Civil Engineering Projects. 
is especially great in locatin 
iron ores and other valuabl 
Of soil and rocks, 


y ic tool 
The economic power of this EeOPC ৰ, 
g oil accumulations, water Supp. ph aE 
€ mineral deposits hidden beneat 


v of a0 
10 recent years use of aerial photographs in the field studs 
i dining importance as i i 


Preliminary geolugi 
geologists worki 


Calcutta and Bangal 
from the Geological 


Tracing of Outcrops. 
will become Casier if the va 
On a topographical map a 
described a few examples. 


ট map: 
Study or interpretation of Bcologicr 5 
rious methods of plotting ERs a 
re understood. In the following Pp 


| 


Sh ts OER 
GEOLOGICAL MAPS & SECTIONS 


CONSTRUCTION METHODS 
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SECTON ALONG Xy 
Fig. 84. 


The map give 
unconformable beds 
could be inferred fro, 
on the map. The Section is taken along the Northern edge of the 
Lae. ৰ 

When drawing the Section across the unconformity, the position 
of the oldet beds below the unconformable junction is deduced since 
they are not visibJe at the Surface. This is done by Working Bll the 
structure of the older Series where they Are exposed at the NE 
and then Producing the strike lines for this Structure to the line 


section. 


1 above Tepresents 2 region of folded beds with 
overly; 


VI. 
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QUESTIONS 


What are the most important intrusive igneous forms ? Explain 
with neat sketches. 
Give a detailed account of the surfacial features of the sedimen- 


tary rocks. 


. What are the different kinds of folds? How will you recognize 


a fold in the field, and in the geological Map * 


Explain the following structural features with neat sketches. 
(a) Anticlinorium {b) Unconformity (ce) Horst 
(d) Overlap (e) Pitching fold 


+ How will you distinguish the following groups of features. 


(1) Dip and strike, (2) Anticlinal fold and synclinal fold, (€)) 
Outlier and Inlier (4) Dip fault and strike fault (5) Fault and 
joint. 

A sandstone bed has a true dip of 26° in the direction 
Calculate :— 

(a) the apparant dip in the NNE direction 

(b) the direction of dip for an apparent dip of 8° 


N 64° E. 


. A Limestone bed dips at the rate of lin6 in the direction N 40° 


W. Find the direction in which the apparent dip of the strata 
isl in 9. 


. A coal seam occurs at points A, B, and C, which tform a triangle, 


Whose sides are AB= 1500, BC=2250’ respectively. Bis NE 
of A and C is SE of B. The level of the coal seam is 700 feet 
above datum at A, 850 feet at B, and 350 feet at C. Find the 
dip and strike of the coal seam. 


. A coal bed with 300 feet vertical thickness outcrops on a level 


surface. The base is seen at the station X while its top out- 
crops at station Y. The distance between XY is 600 feet. Find 
the dip along XY by both construction and calculation methods. 


. ‘The upper trace of a sandstone bed dipping lin 8 due East is 


fcund at a point ‘K’ 4000 feet above datum." The lower trace 
of the same bed is found at point ‘L’ 3000 feet high situated 
at a horizontal distance of 5000 feet due west of K. Find the 
vertical thickness of the bed. 


CHAPIER VI 


INDIAN STRATI GRAPHY 


the 
olcanoes and the changes DCT Gt 
Through all these changes of scene, 
with culmination at last in man. 


‘THE PAGEANT OF PAST LIFE ON EARTH IS A STORY 
BY ITSELF’ 


3 CK 
Palaeontology is the study of ancient life as revealed in ro 
beds. From the Tecord of life 


i Sts, 

€ On rocks in the form of remains, HEE 

moulds, impressions Of the ancient animals and plants whic THE 
called ‘Fossils’ (Fossil in Latin means Something that has been 


Vv formation re i and 
Lae ther infor ti garding the spectacular 
fantastic variety of faun 


fs 
d flora of the Past periods of the earth 
history. A few examples Ate described below :— 


Trilobite, These were the most Inport 
animals that Jived in the Sea in Cambrian ks 
about 400,000,900 years ago. Many ofthem kr 
One to three inches Jong and a few one to 
feet long. They had a Protective “hell wi a 
Was divided into three paris. Hence the na 
Trilobite. 


Fig. 85.Trilobite . 


INDIAN STRATIGRAPHY 151 


Ne Dinosaur. These animals d. 
e ne era from about 200,000,000 
ee 70,000,000 years ago. These 
Ri SS as terrible lizards’ and 
iss reptiles. One ofthe most famous 
Ee was Brontasaurus or thun- 
ble which made the earth trem- 
35 sit moved along with its weight of 
0 40 tons. 


ominated the world during the 


Archaeopteryx. It wasan ancient bird with 
clawed fingers and teeth and of the size 
of a crow with a long tail feather. This 
existed in Jurassic period. It represents 
Nature’s first attempt in aviation. 


Fig. 87. Archacopteryx- 


ee Mammoth. This huge animal, a pre- 
HEE to the elephant flourished during 
i ice-age one million years ago. Primitive 
jo n had to fight this monster and they used 
trap them in oversized pits to attack 

em. Well preserved msmmoth fossils 


ue been found in Alaska. Indiana’ and ডি 
TE Fig. 88.Mammoth. 


an To classify and correlate all the rock formations, is by no means 
TE task. The principle of identifying the ages of strata by their 
St 57 has now been applied all over the world. The long sequence 
চু ormations which record the successive stages of earth’s history can 
divided into convenient divisions. The major groups are divi 


into systems, each system into series, each series into stages and each 


Stage into zones. 
The classes of terms used are one for division of time and the othet 
for strata accumulated during those times. 


IR A STRATA TERMS 
ৰ Group 
System 
Pos Series 


Age Stage or form ation 
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GEOLOGICAL TIME CHART 
es HM EET — 


Period Epoch Distinctive 
features 
a ্‌ Pleistocene Man. 
Kainozoic Tertiary Pliocene The age of Ha 
(55 million Miocene mammals, toot 
years) Oligocene less birds Er 
Eocene flowering plants. 
EE S| 
Mesozoic Cretaceous Age of reptiles 
(120 million Jurassic and birds. 
years) Triassic 
MI EE MEME Where. 
Upper Permian Luxuriant 
Palaeozoic Carboni- vegetation. 
(160 million ferous 
years: Devonian 
ME aE BETTY UNE NU 
Lower Silurian Early life by 
Palaeozoic Ordovician represented 
(150 million Cambrian marine fauna. 
years) 
eme——"10| 
ois aaa SANS AS 0h 
Azoic Pre-cambrian Absence of 
(1500 million Archaean life. 
years) 
Ss SAE 
a, SHEP he OE MEE HT OE CIA 


b JR its. 
Physiography. India can be divided into three distinct uni 


2 B ield 
The first is the triangular plateau or peninsular shield. 0 
jis a term used for geologically very old and stable parts of the © 
i 


of the earth). 
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The second division comprises the Indo-Gangetic alluvial plains. 


্র The third is the mountainous region of the Himalayas known 8S 
le extra-peninsular region. 


These three divisions exhibit marked contrast in physical features, 
stratigraphy and structure, and it appears to us that in many T 

the physiography of India is an expression of its geological structure 
and history. 


THE ARCHAEAN SYSTEM 


Introduction. This formation is the oldest and forms the baser 
ment of all the sedimentary systems. Because of this and their com- 
Plex constitution they are referred to as the basement complex, gneissic 
complex or fundamental gneiss. As these Archaean rocks are devoid 
Of fossils, they are referred to as the azoic group of rocks. The rocks 
Of this formation occur in the core of all the mountains which have 
been highly compressed and metamorphosed. In some regions 
Se Archaeans are intruded by younger rocks which are of igneous 

Tigin. 

. With the Archaeans are included certain sedimentary rocks or 
mixture of sediments and igneous rocks which occur in compressed 
and partly buried synclinoria. These are included under the Dharwar 
System named after the district of Dharwar in Karnataka. The 
division of the Archaean group into Archaean system and Dharwar 
System, should not be carried to the extent of describing each as & 
Separate unit since the two are very closely associated. 


Distribution. The Archaeans occupy about two-thirds of penin- 
sular India and a greater part of the Island of Ceylon. They stretch 
continuously from Kanyakumari to Madhya Pradesh and Bihar and 
continue apparently underneath the Ganges alluvium into the Assam 
Plateau; the Mysore area is connected with that of Gujarat and Rajas- 
than beneath the Deccan traps. This vast stretch includes part of the 
states of Tamil Nadu, Kerala, Andhra Pradesh, Orissa, Bihar, Assam, 
Mysore, Western India anc. Rajasthan. 


In the extra-peninsular area, the Archaeans are found in the 
lesser Himalayas. 
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f C58. 
Composition. The most common Archaean rock is Bn 
Associated with the Archaean gneisses 


ট p inef' 
Of intermediate Plutonic rocks, Among their normal essential min 
are found calcite and graphite in a quite fresh state. ঠি 


ictrict in Sivamaldl 
Corundum Syenite Occurs in the Coimbatore district in Siv 
Series. 


Sivamalai series Constitute six or seven small hillocks st 
in W-NW- direction near Sivamalai (45 miles from the town of Jine 
batore) in the Coimbatore district. The chief rock types are nep He 
Syenite, corundum syenite and augite Syenite. Common acc 
minerals found in these rocks Are graphite, biotite, magnetite, io ul 
spinel and chrysobery]. Some of the alkal; Syenites are very be te 
in appearance as they are composed of Shimmering blue felsp ন 
Anorthoclase.. This Variety is similar to larvikite which is ex en 5 
used for shop fronts in European Countries. The corundum 25 js 
area is collected by the village folk. Aquamarine (gemstone 
2Ccasionally Obtained from these rocks. j 


4 e5e 
Charnockite Occurs in Tamil Nadu, Mysore and Bengal. Th [S 
were originally named as the jj ft 


Pegmatites. These Coarse grained igneous rocks are Ws) 
distributed in the Archaean Complex in India. They SECU EH 
as veins and dykes intersecting the older tucks. The acid ET ences 
pegmatites sometimes attain large dimensions. Pegmatite SOE 
in Nellore, Bihar and Rajasthan have been found, oncentain 
rare earth minerals and mica deposits of economic importance. 


lS not 
Peridotites and dunites,. These EE a ৰ LE with 
widely spread, are of importance because of their AEOLIAN 
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mine: a 5 
Tals of economic uses. They are the sources of chromite, mag" 


nesi 2 5 ক 
Site and serpentine in India. 


Among the well known occurrences are magnesite deposits of 
and chromite 


Sal ্‌ 
Cb magnesite and chromite deposits of Mysore 
sits of Singhbum in Bihar and Kashmir. 


Gondite is a rock composed essentially of quartz and spessartite 
nes and amphiboles. It 


With ৰ 

i Varying amounts of manganese pyroxe 

eg due to metamorphism of manganiferous sediments and is 
associated with manganese Ores. These rocks are found in 


B 
ombay, Maharashtra and Madhya Pradesh. 


Ne adrite is another type of rock found in association with manga" 

lt tes i This rock is characterised by the presence of manganese 

জন ke rhodonite and spessartite. These rocks are found in 
jam and Vizagapatnam districts of the Andhra Pradesh. 


ee ondalite is found in association with charnockites. It is 
Tock: ially composed of quartz, sillimanite, garimet and 'felspar. These 
DY be called garnet sillimanite schists. Graphite occurs fre- 
ly in association with these rocks. These are found in Orissa. 
above the other less 


Besides the various rock types described 
es, quartzite, phyllites, 


co মনবৰ 
+S varieties are quartz schist with iron or' 
nulites and crystalline limestones. 


Economic Importance. The Dharwarian rocks and the asso- 


‘Ci দ > 
i gneisses constitute the most important mineral bearing forma- 
of India. They contain a large variety of useful metallic ores, 
f Bihar, Orissa, 


Mane minerals and rocks, such as the iron ores 0 

a Pradesh and South India; the gold of Mysore, Hyderabad 

in Chota Nagpur; the copper ores of Nellore, Bibar and Rajasthan 
e chromite of Bihar and Mysore; the many non-metallic minerals 

used as abrasives, refractories, pigments, ceramic materials, gems and 

building and ornamental stones. The chief occurrences re descri 

in the following paragraphs. 

Gold occurs in quartz veins of several i 
rocks of Mysore. Hyderabad, Anantapur, Wd aba নী 
Bihar of which Mysore occurrence is the most important One. In 
Mysore gold occurs in the Kolar area where there are four mines 
Viz., Mysore, Champion Reef, Ooregaum and Nandidurg. ' 
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Copper orus are found h Arcot 
district in Bihar, Rajasthan, Nellore, Jubbalpore, and Sout 
District in Tamil Nadu. Ch be 
Chromite is found in association with ultrabasic TOKE of 
Mysore, Salem, Bihar and Orissa, of which Mysore and Bihar 
economic importance. 


Tron Ores. Rich and extensi 
iron occur in Bibar, Orissa, Mad 
The chief ores are hematite and 


ঠ 60% 
ve deposits containing ue Gos 
hya Pradesh, Mysore, Salem an' 
magnetite. 


d 
i an 
Lead Ores. Veins of galena Are seen at Mewar and Jaip Lg thin 
also in the states of Bibar and Madhya Pradesh, but they ar 
and not of economi tfimportance. in 
5 
Titanium. Chief source is titaniferous magnetite which occ 
Bibar and Rajasthan. Another important Occurrence is the ¢ 
Sands of Travancore Containing rutile and ilmenite. 


in 
Ee rH ্ - cCUr 
Tin and Tungsten. Cassiterite and Wolframite minerals 0 


jct 

ন ; distric 
small quantities in Hazaribagh district of Bihar and BUIWET goo 
of Rajasthan. Detailed Prospecting in these areas may yie 
result. used 

Nickel and Cobalt are found in Rajasthan. i employe 
for the manufacture Of sulphates and making a blue enamel ¢ 
in jewellery, 

Bauxite occurs in Sheva: 


Molybdenite occ 
district and Rajastha 


TOy hills near Salem in Tamil Nadu. 


raft 
2 daVva 
urs in Palani hills in Tamil Nadu, Go 
n. 


Stibnite occurs in Jubbalpore and Mysore. 
Columbite and Tantalire occur in Bihar. 


mag’ 
V dit) i: Chi C iS V. iferous 
anadiun Occurs in Orissa. ‘hief source is anad 

netite. 


Occur in Bihar. 
Uranium. Pitchblende and uranium ochre 
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f Thorium. Monazite sand of Travancore is the chief source of 
1s element. 
i Mica occurs in the form of books in the pegmatite dykes of Bihar, 
i ellor e and Rajasthan. Ruby mica of Bibar is of the best quality and 
1S In much demand for use in the electrical industry. Phlogopite occurs 
in Travancore. 


Vermiculitre. Tt occurs as altered products of Micas in the following 
Places, © Srikakulam district in Andhra Pradesh, Hazaribagh dis- 
trict in Bihar, Hassan and Tumkur districts in Mysore and North Arcot 
district in Tamil Nadu. In recent days it is used in the manufacture 
Of lightweight concrete. 

Asbestos (Tremolite variety) occurs in Bihar, Rajasthan, Madhya 
Pradesh, Mysore. 


Corundum occurs in Coimbatore, Salem, Assam and Rajasthan. 
Apatite is found in Bibar and Andhra. 


Garnet is widely distributed in crystalline rocks. It also occurs 45 
Coastal sands in Tirunelveli, Kanyakumari and Travancore. 


Graphite occurs in Orissa, Vizagapatnam, Tirunelveli, Travan- 
Core and Hyderabad, 

Magnesite is found in association with ultrabasic rocks of Salem 
and Mysore. Best known occurrence is Chalk hills near Salem. 


Kj)anite is found in Mysore, Nellore, Bihar and Orissa. 


Steatite and Talc schist occur in Jubbalpore, Jaipur, Mysore and 
Tamil Nadu. 


Fluorite. Important deposits occur in Madhya Pradesh, Rajasthan 
and Gujarat of which Fluorite deposit that occurs in the Baroda Dis- 
trict of Gujarat is considered to be the biggest ‘deposit in India. 


Gemstones. A large number and variety of precious and semi- 
Precious stones are found in the Archaeans. Amongst them are 
sapphires from Kashmir; aquamarine from Rajasthan, Tamil Nadu 
and Kashmir; Chrysoberyl from Coimbatore and Rajasthan; garnet 
from Jaipur, Mewar and other states in Rajasthan; tourmaline from 
Kashmir. 

Building and Ornamental stones. The Archacean gneisses and 
granites form an inexhaustible source of excellent building Stones. 
Most of the temples and public edifices in India (South India) have 
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used gneisses and granites in their construction. The temples of Hs 
Pagodas at Mahabalipuram ear Madras are hewn out of charnos 
While those ‘of Madurai, Tiruchirapalli and other places are bui 
Bneisses and granites. 


5 
Many of the Crystalline limestones in the Dharwarians are ro 
Of high decorative Value. The Makrana marble of Rajesh nD রি 
been used in the Construction of Taj Mahal and other build 5 
North India. Several of the White, grey and coloured marble 


! ild- 
Rajasthan and Madhya Pradesh have occasionally been used for buil 
ing purposes. 


THE PRECAMBRIAN SYSTEM 


The rock formations of the Precambrian age in Indian Geo 
Are known as Purana Group of rocks. They are divided into bi 
tems, Cuddapuhs and Vindhyans, In carly periods they were refe 


f e iation 
to as diamond-sandstone formations because of their associat 
with diamonds, } 


THE CUDDAPAH SYSTEM 


f 
Introduction. Overlying the denuded edges of the A 
rocks after a Period of unconformity is found the Cuddapah ta 
of rocks, It is nimed after Ee Cuddapah district in the Andhra 5 
Where it is well developed. ry 
Composition. The Cuddapah rocks are mostly of sediner 
Origin. The chief rock types are shales, slates, sandstones, au 0 
and limestones. They are entirely unfossiliferous and the absenc 


দ $ ing the 
fossils may be attributed to the fact that the animals lived during 
period had no hard Skeletons. 


f ain 
Classification. The Cuddapahs are divisible into two EE 
divisions, the Lower Cuddapah ana the Upper Cuddapahs. 
Cuddapahs are often 8ssociated with volcanic rocks. - 


in the 
istribution. The Cuddapah system of rocks are found in 8 
Pe ioe and Kurnool districts in the Andhra State, EER 
Madhya Pradesh and Rajasthan. In the RG PEt ET 
tions with the overlying Kurnool system of Vin yen ro oR 
ly ‘orm a crescent shaped outcrop whose concave border is to’ 
tion 
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Ss east. The Cuddapab rocks of this area have been classified as 
ollows :— 

Kurnool System 


hna series 


Upper Cuddapahs 
Lower Cuddapahs 


OF these, Lower Cuddapabs are economically important because 
Of the occurrence of large deposits of barytes and chrysotile asbestos. 
These deposits occur at the junction of traps with the limestones. 
‘These traps occur as intrusive sills of dolerite. 
Economic Importance. The Cuddapah system is nut as 
important as the the Dharwars in the varicty and richness of the 
mineral wealth. Important deposits of the limestones and slates 
Are found amongst these formations. The slates are quarried 
in the Kurnool district, 
They are used as school 
Slates and paving Slates. 
‘The banded jaspers serve 
as good decorative stones. 
Large deposits of barytes 
are found in the Lower 
Cuddapah rocks in the 
Cuddapab, Kurnool and 


Delhi Quartzites of 
Precambrain age 
Showing Vertical dip— 

Delhi 


ON 
Anantapur districts and 
Rajasthan. Chrysotile as- 
bestos deposits of econo- 
mic value occur in asso- 
ciation with serpentine 
in the Lower Cuddapabh 
formations of the Cudda- 4 ্‌ 
pab district. Another SiH sy GL Tl 
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interesting rock ty om 
De fr the flexible 
fh the Cuddapah TOCks is i 


THE VINDHYAN SYSTEM 


Composition. i 
Ul of oY indhyans are, like the Cuddapabs, be 
Ne: Ered of shales, sandstones and limeston 
oe ce of serious displacements due to e8fr. 
Stly found as horizontal undisturbed strat 


Classificati 

ION. i: 

and Upper Vindhyio System is divided into two series, Lowe 
Occurrence of initermit Which are again subdivided because of th 
unconformity es ‘pent beds of basal conglomerates indies 
the chief iA ht ¢ basal conglomerates are important as they fe 


bearing formations of the Vindhyans. 


Distribyt J 
on. j 
Madhya Beigel Re Vindhyan formations occupy parts of Rajastha' 
Vindhyan Tocks of a Cuddap 8s Kurnool and Godayay nas 
the Andhra state is of Lower Vindhyan age a6 


known as K developed. The K 5, 
Uurnoo We 
system 1s EE System where it is ell evel pe bl ন % 
pebbles etc,, 5 Eas it Contains at the base a group of sa 05 re 
Ss a 


om 2 

Known as BADE Of which are diamondiferous. These 

occur in Hyder ঠি Palle beds. Similar formations have been found to 
Abad area and Godavari Valley. 


Subdiyis;, 
slong of Kurnool System. 


Kundair 
Paniam 
Jammalmadagu | 
Banganapalle 
Economic Importance. From ancient times India has acquired 
a great TAME as the source of diamonds, all of them having been 
derived from the Vindhyan formations. They are obtained from 
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Ee and conglomerates in the Banganapalle rocks of the Kurnool 
m and the Upper Vindhyan formations of Rajasthan. At 
the present day, however, 
only a few diamonds are 
produced annually and 
even those are very low 
in value. The important 
diamond-occuring localities 

AEE 


EASE SE? 
Ripple marks in Vindhyan 
Sandstones-Jaipur-Rajasthan 


ELS HME EE 
‘are Bundelkhund which 
produced the famous Panna 
diamonds and the districts 
of Cuddapah, Kurnool an 

Bellary which produced the 
famous. Golconda dia- 
monds. In addition to its 


ranking as the most desirable of all gems, diamond is used for many 
The world famous Kohi- 


industries in cutting, grinding and boring. 
noor diamond which now adorns the British crown was obtained 
from the Golconda diamond mines. 


Photo by M. 5. Jagdeesan 


Limestones. The limestones and shales of Vindbyan formations 


are the sources of raw materials for lime and cement industry, €.8-, 
the Son valley of Bihar and the Uttar Pradesh. In the Guntur an 
Kurnool districts of the Andhra state limestones yield good building 
and ornamental stones. A particular type of rock called the flag- 
stone is quarried in the Cuddapah and Kurnool districts." These 
rocks are known popularly as Cuddapah Slabs and have been derived 
from the Kurnool system. 


The Vindhyan sandstones have been extensively used from 
ancient times for architectural purposes because of their fine and 
uniform grain and pleasing colour. The Buddhist stupas of Sarnath 
and Sanchi, the great Moghul buildings at Agra. and Delhi and the 
modern administrative offices of the Government of India at New 
Delhi bave all used Vindhyan sandstone in their construction. 

b These sandstones also serve as flagstones for flooring, roofing, 
pillars, fence-posts and milestones. 
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Kashmir. These rocks Contain well preserved fossils with VEE 
are able to determine the age of this formation without much diffi 


THE ORDOVICIAN, SILURIAN, DEVONIAN AND 
CARBONIFEROUS SYSTEMS 


ঠি A an 
area. The chief rock types are grit, sandstone, shale, limestone 
quartzite. 


CG, 
THE UPPER CARBONIFEROUS, PERMIAN, TRIASSI 
JURASSIC AND CRETACEOUS SYSTEMS 


ts 
ন ical even 

During thislong cycle of ages; different orders of BODO 50 
were in progress in the Peninsular and extra peninsular reg 


[4 
Elobe. It brought into existence Liat 
Ocean, separating Laurasia and uthern 
wana land, the two huge land masses in the northern and a know, 
hemispheres respectively Tethys Ocean extended, so He MEE cb) 
from China to Spain, in Which sediments were RE he marine 
from the Upper Carboniferous to Eocens. These constitu te region" 
eosynclinal deposits of these periods in the extra penin 1 forma" 
[5 ntrast to this are found in peninsular region fresh Wate during 
হ্‌ ns rich deposits of coal indicating luxuriant vegetation 
Lat pelies These rocks constitute the Gondwana system. 
a 


d 
কেহ 5 ks 2D 
troduction. After the deposition of the Vindhyan TOC 0 
টী Tr Jift into land, there was a great hiatus in the stratigrapB; 
their UP f the peninsula. At the end-of the palacozoic era tow 

. (6) 
bistory 


There rolls the deep where grew the tree. 

O earth, what changes hast thou seen! 
There where the long street roars, hath been 
The stillness of the central sea. 


Lord Tennyson. 


S. AMERICA 


The break. 
continents. 


N 8 
1 8 
GREENLAND SS 
No 
+ 3 


LAURASIA 


r 
N.AME RICA 


EQUATOR 


7 
N 4 

jj /ANOIA > 
CGONDWANAL Ay gy Ig 
S.AME RiCA! fe 

\ 

v iE 1 pus! 
a CP 
+f ARTARCIY 


uge land masses, the one in the northern hemisphere designated 
TUE 


The two ন the other in the southern hemisphere called Gondwanaland, with the 


a sia an 
Laurasia and the Of ng them. 
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RE Carboniferous period, a new series of changes took place over the 
A of the globe which brought about a redistribution of the land 
At this time there existed a great southern continent or 2 
he Ne land masses which Were connected closely enough to permit the 
নাল istribution of terrestrial fauna and flora. The fossils of plants and 
গ্ৰ Ts found in these regions show close affinities to prove that 
YE and areas were once together. This southern continent included 
SE parts of the Malay Archipelago, Australia, South America, 
টো Africa and Madagascar which were probably at that time very 
L together. This southern continent is known as the Gondwana 
তন This is named so after the Gondwana formations which 

erived its name from the Gond kingdom of Madbya Pradesh where 


t 2 ি f) 
hese formations were studied first. This Gondwana continent existed 


Upto the end of the Mesozoic era when it was broken up by sinking of 
drifting away of the component 


certain connecting areas or by the 


Parts. 
Composition. The rocks forming this system are of fluviatile 
nd were deposited in a series of 


ae lacustrine (fresh water) nature a! 

FE Ee river or lake basins which gradually sank along trough faults, 

REE ancient rocks. It is to this faulting that we Owe the preservation 

Ee Gondwana strata with their coal seams. These formitions are 

| iefly composed of shales, clays and sandstones with intercalated plant 
mains which now occur as coal seams. 


Distribution. The three large prominent Gondwan 
follows :— 
ডে 1. The large linear tract in Bengal and Bihar along 
amodar river and Son valley. 
2. An expansive outcrop in the Madbya Pradesh in the south- 
cast direction in a belt approximately following the Mahanadi valley. 
S along the Goaavari 


a areas are as 


the valley of 


3. A series of more Or less connected trough: 


Valley. 
Besides these main areas upper Gondwana rocks vecur in Kathia- 
war, Kutch, Rajasthan and along East coast of India. These rocks 


are also met with in the extra-peninsular regions of Kashmir. 


Classification. The Gondwana system is divided into two major 
divisions based mainly on palacontological evidence as lower and 
upper divisions, each characterised by distinct flora. 
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Upper Gondwanas— Rajmabal flora 
Lower Gondwanas—Glossopteris flora 


Subdivision. The lower as Well as the upper Gondwanas consist 
Of three series each. In Ascending order they are the Talchir, Damod# 
and Panthet series in the lower division and the Mahadeva, Rajmab 


and Jubbalpur series in the Upper division. Each series consists 0 
different stages. 


Talchir Series. The lowest Series of this system is named after 
the coal field in the state Of Talchir in Orissa. This consists of smoo! 


striated boulders, sandstones containing undecomposed felspars an 
shales, indicating glacial period. 


stone shales in which are found lodes of Workable iron ore. Of i 


content of plants and huge reptilian bones (Dinosaurs). Economical 
they are not so important as the lower division as they do not contai 
workable coal seams. But Sandstones of this formation serve as g00' 
and durable building stones. 


ia 
The Gondwana formations found along the East COAST ন) 
are of Upper Gondwana age and they occur in Cuttack in Or 
Rajmundry and Vijayawada in the Andhra state, Epa নী 

Chingelpet district and near Uttatur in the Tiruchirapalli distric 
Tamil Nadu. a 
Economic Importance. The main importance of the Con Ne 
tres d coal; but there are deposits of various type: 

system cen around coal; 
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of = 5 
a sandstones and ironstone shales, which are of some impor- 
Ee: Fire-clay deposits are 
a EA of the Barakar stage. They are used for the manufacture 
ন ractory bricks. Other types of clay available from this strata 
Enel for making bricks, pottery,’ terra-cotta and Chinaware. 
ES utilising clays of various description are situated in the Rani- 

J, Jharia and Jabalpur areas. ‘ 
ee dre serve as good building stones. Ahmednagar sand- 
the e of Idar State has been used in the delicate tracery that adorns 
ক nes of Ahmedabad. Athgarh sandstone of Orissa has been 
ns oyed in the magnificent temples of Puri Jagannath, Bhuvaneshwar 
deli Konarak. It is fine grained and has retained the sharpness and 
cacy of ‘carved work very well through more than ten centuries. 
IN ne Ore. Pockets of limonitic iron ores and ochres are found 
e lower Gondwana rocks. 
ট Coal. Of the total coal pro 
Pplied by the Gondwana fields and 2% by t 


in India: Raniganj, Jharia, 
Hura and Brahmani 
Bellarpur and Pench 


found in association with the 


duction in India, 98% of coal is 
he tertiary fields. 


SE EE Gondwana Coalfields 
hE ih and Bokaro in Bihar; Talchir in Orissa; 
সু engal; Umaria and Sohagpur in Rajasthan; 
ey in Madhya Pradesh; Singareni and Kothagudam in Hyderabad. 
Ea SRE NaN coals are good steam and gas coals. The best coking 
chiefly confined. to “Jharia, Giridibh and Bokaro fields. 4 
Dh the coal in Giridih is exceptionally good being very low in 
sphorous and useful for the manufacture of ferro-alloys like ferro- 


Manganese. 
THE TRIASSIC SYSTEM 


ayas. Dur- 


Marine Triassic formations occur in Northern Himal 
t birds and 


ng this peri 
I major grou of animals Ste 
i od a J $4 p existed excep 
THE JURASSIC SYSTEM 


They are 


Occurs in Kutch, Rajasthan and parts of East Coast 
ous Strata. 


important in the Kutch area as they contain thick fossilifer 
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THE CRETACEOUS SYSTEM 


. 2]' 

Introduction. The Cretaceous system is one of the most যদ i 
distributed Sedimentary systems in India and represents a VATS 
facies. The Himalayan area as in the earlier systems, shows ge oceur 
clinal facies. The Peninsular area shows coastal facies. They ns are 
in Narbada valley, Tiruchirapalli and Assam. Coastal formatio depo" 
formed due to marine transgressions. Esturine or FECU TN now 
Sits are developed in Various parts of the central peninsula bee ‘raps 
underlies the great Eroup of lava flows known as the Deccan 
These formations are calied infra-trappean rocks. sive 

An igneous facies is represented in its intrusive and Es 
Phases by the records of the Bigantic volcanic out-bursts in the P (onic 
sular India and by Mumerous intrusions of granite and other plu titu” 
rocks in many parts of the-Himalayas. This heterogeneous Cora 
tion of the Cretaceous is a Proof of diversified physical condi 
that existed in India at the time Of this formation. and 

Composition. Chiefly composed of shales, limestones, sands 
clays with fossils. 


herd 
Distribution. These Rocks occur in Narbada valley, Sout 
Tamil Nadu and Assam. 


: L) 

Cretaceous rocks are found in Tamil Nadu at Pondicher 
Vridhachalam and Tiruchirapalli, The largest of these occurs in n' a 
east of Tiruchirapalli district. Cretaceous beds of this Dtlattur 
divided into four Stages. They are in the ascending order Ut 
Tiruchirapalli, Ariyalur, and Niniyur. tatu 

Uitattur Stage. This had been named after the village ko El 
and consists chiefly of fine silts and sandy clay, phosphatic ন at its 
careous nodules, gypsum and celestite salts. This stage Ee ally 
base a dark grey weathered limestone Consisting of corals. It 55H cele" 
used as a building stone. Thick extensive beds of AE Uttattur 
stite salts suggest that before deposition of next SES OVer became 

ds there must have been a period of interval when 

heat impregnating the sediments with salts. ETS 
bi iruchirapalli Stage which overlies the Uttattur stage with BES! 

Ae ity Consists of-sandstones, shales and shell lime. ena 
unconfor esto takes’ good polish and is used as an BES 
This shell Iir d large triinks of trees and broken EAE on BE 

licified arge 2 R beds occur Ariyalur 4 
stone. 5 r in this stage. Overlying these be 
wood occu 
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Nini 5 > Rea 

iniyur stages which are of great palacontological interest. 

an Economic Importance. The minerals, gypsum and celestite 
the rock deposits, phosphatic nodules, coral limestone and shell 


li 4 
Mestone are of importance. 


THE DECCAN TRAPS 


Introduction. The close of the mesozoic ers was marked by 
hich spread over vast areas 


Reh Rouring of enormous lava flows Ww 

Ne and Central India. They were issued from long narrow 

of Be the earth s crust. “They occur 2s horizontal bedded sheets 

নয fhe 1 t. This great volcanic formation is known In Indian Geology 
Deccan Traps because of their steplike or terraced appearance. 


Distribution and Extent. The ares néw occupied is about 200,000 
Madhya Pradesh, 


8q. miles i 
dq. miles including Bombay, Kutch, Kathiawar, 
aharashtra, Rajasthan and parts of the Deccan. 


hE ্ 
১১০০৯০৩ ক) পাহ ত 


Fig. 89. Trap country. 


top Structural Features. The trap country is characte! 
SWE hills and step-like terraces (trap means steps orf 
ish language). 

re P 'etrology. The Deccan Trap rocks are uark C' 
a composition with ‘an average specific gravity 
চ mainly of two types, * 5 
esicular and non-Vvesicular. & 
Zeolites, calcites, amethyst 
and chalcedony occur as 
filings in the vesicular 
basalts. 


prised by flat 
stairs in the 


oloured and basaltic 
of ‘2.9. The) 


Columnar Jointing in 
basalts- Deccan Traps. 
Andheri-Bombay 


Tireration and Weathering 
af the Traps. The Traps 
Weather with characteristic b 
su’ roidal exfoliation which i 

2 —Photo by M. 5. Jagadeesan 
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চি b f .' Jack 
Slve rise to large boulders. Traps give rise to deep red soil oo of 
cotton soil known 4s regur which can be Seen in many pa 
Decsian. Another product Of weathering is laterite. 


. . . . ৰ i NE 

Fluviatile Or lacustrine deposits formed during the interval bet 

Successive eruptions Occur-with the lava flows. The fossils of fj beds 
and animals found in these intervening beds indicate the age 


111) 
and of the associated Traps. These beds are Known as inter-trapP® 
ds. 


supplies of underground water. 


THE TERTIARY. SYSTEM 
Introduction. This Cra is the con" 
history of the Indian region, ‘as it Was in this period the present 3 


L lift 

nd by drifting away of Some of the component parts and 2) Ee 
of the tethyan Beosynclinal trac: of sea deposits to the North in 
gs ৰ 

in of Himalayas. ্ Jy. 

lofty Ee f mesazoic era affected animal and vegetable life Er fl 
the le this period the mammals among the animals began to 
Durin Ee 
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{m 
Dp hee and plants of earlier eras were replaced by the flowering 


Composition. Composed chiefly of shales, sandstones, limestones, 


Bravel and marl. 


Distribution. Extra-peninsular region shows a great develop- 


‘men চি 

of Sl the Tertiary rocks continuously along the mountainous tracts 

sular [ : Kashmir and runs along the Himalayan foot hills. In penin- 
AT India the Tertiary rocks are found in narts of Gujarat, Kutch, - 


Tissa, Kerala and Tamil. Nadu. 


pee of Himalayas took plac 
hells, ertiary rocks of Himalayas are ca 
‘the hills near Hardwar. These 
urin collection of. mammalian fauna WwW 
isle the third upheaval of Himalayas an 
cene Glacial conditions. 
Tertiary rocks in extra-peninsular regions 
leum. Chief oil-fields are Digboi 


e in four great movements. The 
lled the Siwalik system after 
deposits are important ‘for 
hich suffered exitinction 
d with the incoming of 


ৰ fEeonomic Importance. 
jn Apts are chief sources of petro 
: ssam and Ankleshwar in. Gujarat. 


and Laterite a variety of rock found along the West Coast of Malabar 
Other places in India, serves as a fairly good building stone., 


Ne C00. Lignite variety occurs at Punjab, Rajasthan, Assam and 
yveli near Cuddalore in South Arcot District of Tamil Nadu 


LIGNITE DEPOSITS OF TAMIL NADL 


tan discovery Of large deposits of ignite, a member of the coal 
nt ily, in South. Arcot district in Tamil Nadu brings a new factor 
5 0 the economy of South India. The déposits extending over a 100 
sare mile area are estimated to be around 2,000 million tons. If 
Successfully developed and exploited these lignite deposits will not 
To cater to fuel needs present and future, but also pave the way 
Or the establisument of an Iron and Steel Industry in Tamil Nadu 
Utilising the Salem iron ore deposits. 


Lignite is‘used as fuel in electrical power industry, in the manu- 
facture of synthetic petroleum, for extraction of montane wax which is 
used in making gramophone records, shoe polish candles and rubber 
bocts. Also used.in the manufacture of fertilisers and drugs 


I70 A TEXT BOOK OF GEOLOGY 


THE PLEISTOCENE SYSTEM 


Introductfon, The Pleistocene 
tions of Sutlej, Narnad 
Plains. Asin other p: 
Contain relics and bon 


Fr 8 
System includes alluvial foro 
a, Tapti, Krishna, Godavari and Indo ne ia 
arts of the world Pleistocene deposits In an. 
es of pre-historic men indicating-origin of 


্ ealth 
Alluvial plains constitute Ee making 
t rude earthenware and brick e plains | 
’ Cement and road construction. Thes 


3 dina 
are an immense reservoir of fresh Sweet water available by 0 
wells. 
QUESTIONS 
GROUP A 


I. Match the following : 


1. Gondites 

2 Charnockites 

3. Makrana Marble 
4. Athgarh sandstone 


(a) Tajmabal 

(b) Purijagannath Temple 

(Cc) Coalfield fp 
(d) Seven pagodas of Mahabs 


puram 
5. Jharia (e) Manganese ores 
6. Gypsum beds (f) Oil field RTA 
7. Deccan Traps (8) Cretaceous rocks of Tris 
palli 
8. Magnesite (h) Salem Chalk hills 
9. Vindhyan sandstone () Red fort, Delhi | 
10. Ankleshwar ™ () Zeolites 


Il. Decide whether these state 


[, false 
Ments are true or false. Reword the 
statements to make the 


Im true. CECE 
(a) Diamondiferous beds occur in the Vindhyan system 
in India. 


iad 
(b) Petroleum occurs as oil pools in the rn the precam 
era known as purana group of rocks in India. 
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(c) Lignite beds occur in Tertiary rocks of South Arcot district 
in Madras State. 

(d) Tethys is the name of a great mountain chain that existed 
in the geologic past. 

(e) Important coal fields of India occur in the Gon: 
tions of India. 


dwana forma 


III. Fill up the blanks with the appropriate terms ur words : 
oiococnteseere TOCKS 


1, Gold occurs in Quartz veins of the..... 
of Mysore in Kolar Gold fields. 

2. Copper ores are found in..... 
of Bihar and the chief ores are.... 

3. Mica occurs in the Pegmatite dikes in... 
district of Bihar and........ 
Andhra Pradesh. 

4. The great volcanic formations found in the vast areas of 
western and central India is known aS...eveeroerereteetetent 

5. In early periods, the Cuddapah and Vindhyat rocks were 
Teferred tO aS. js. LeahennoarenceneeecfOrmation because of their 
association with diamonds... 


cudistrict 


otceeeenseonn০০০০০০০ 


district of 


GRour B 
I. The Dharwarian rocks'and the associated gneisses constitute the 
most important mineral bearing formation of India—comment. 
II. Describe the stratigraphy and economic importance of any one of 
the following 
(a) Cuddapan System © (b)"VindhyanSvstem (6) Gondwana 
System 


II. Write short notes on: 
(i) Deccan Traps (ii) Uttattur beds (iii) Charnockites (iv) Salt 
range. 

IV. Name the localities and geological formations in which the follow- 
ing minerals are found in India 
1. Gold 2. Lignite 3. Gypsum 4. Mica 5. Pyrolusite 6. Barite 
7. Petroleum 8. Magnetite 9. Beryl 10. Bauxite. 


Vv. Write an essay on the mineral wealth of India. 


( Also see Appendix) 


ENGINEERING GEOLOGY 


J 
Pa Years the use of geological knowledge has gy 
EEE % EE HE of engineering construction, viz.; the boa er 
So i E S, laying of mountain roads and tapping of Fr the 
Selection of st esources, Geological knowledge is also usef Strut 
ONE oo Suitable for various purposes such as the Con cdl 
outs BE ridges, roads and buildings. It also helps a Bron ne 
EE urement of building stones from the very locality cnowid 
the I AL Constructions have to be carried oun by bt 005" 

£e0l0gical formations of that place and thereby avoiding ui 

Sary cost of transport of building stones from a far off place. 


BUILDING STONES 
ressed an 


+ These include the various kinds of rocks which are d 
trimmed to shape and utilised for construction and ornaments yl 
Purposes. For a good building stone certain geologica q Re 
Properties are necessary, such as pleasing appearance, d 
case of processing in quarrying. 


HEE determining the suitability and durability of b 
Re ‘neralogical composition should be known. Te nd harm 
ful ert, pyrite and large quantities of mica are injurious anC ning 
u' and their presence should bes avoided. The stones con are 
HAE like pyrite that oxidise and produce unsightly sa hich 
uncesirable. The fine grained rocks will be stronger than those for 
Are coarse grained. The durability of a stone .is its capac Ljod 
retaining its original size, strength and appearance for 8 long Pegi 
and this depends upon its capacity to withstand the wegthering © 


ions, Viz. i i 
t » VIzZ., the action of atmosphere and rains. Jike 
ies 


For selection of good building stones, the other proper ther 
absorption, crushing Strength, fire resistance and resistance tov 


ing should also be ascertained in the {aboratory. her 
othe 


The common rock types waich are used in buildings a estOne, 
‘constructions are granites and related igncous rocks, ঢু 
marble, slate, sandstone and soapstone. 


EET METER রম রে? 
সাালালাাাছা লালা াযাদাাজা শা he 


(Photo by Rajbir Singh) 
Front view of the celebrated ‘Vigyan Bhavan’ 
One of the landmarks in India’s capital, New Delhi. 


The Vigyan Bhavan is the venue for important seminars and conferences. The 
twenty-second International Geological Conference 1964, was held here. 
This front view illustrates the typical use of a variety of marble popularl 
‘Baroda Green’ enhancing the beauty of the structure. This archisa 
arch entrance to the famous Ajanta caves in Maharashtra. Such marbles pre: 
in the Dharwarian rocks in Rajasthan are of high decorative value being available 
in fifteen different colours. They are highly prized for foundation tablets. The 
statues of Tamil saints and poets installed along the marina beach in Madras, 
pedestals embedded with this quality of marble. 


ly termed 


have their 
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Among the igneous and igneous metamorphosed rocks, mostly 
granites and gneisses are used. Granites are used on account of their 
even granular texture, pleasing colour and favourable physical proper- 
ties like high crushing strength and low absorption. They can be easi- 


El quarried on account of certain well developed joints and divisional 
Planes. f 


Basalts and dolerites serve as excellent road‘metal but they are 
not usually preferred for building purposes because of their dark and 
dull colours. 


Sandstone and quartzites which are of abundant occurrence are 
also used for building purposes. Quar’ ‘te is not usually’ used in 
masonry because of its extreme hardnvsss which renders ‘working 
difficult. 


Hl Limestones can be quarried easily and they are chiefly used for 
buildings because of their light and pleasing colours. Marbles and 
ophicalcites are used for decorative work in buildings. 


না Slate, a kind of metamorphic rock which can be split evenly into 
hin layers is used chiefly for roofing and paving in buildings. f 


Laterite is a good and durable building stone. It is used as & 
oad metal when available in large quantities espegpially in tropical coun- 
tries like India. 


With the introduction of the use of cement concrete in buildings 
i other constructions, rocks are broken into aggregates and us 
argely for cement concrete. 


Granitos, quartzites and Basalts serve as excellent aggregates for 
cement concrete. 


Presence of the following silicate and silica minerals aré not 
desirable in aggregates of cement concrete as they are reactive with 
high alkali cements—0pal, chalcedony, chert, volcanic glassy rocks 
like rhyolite and rhyolite tuffs. During the mixing of aggregates with 
cement and water, the alkalies in cement get dissolved.in water and 
increases in concentration slowly. This caustic liquid begins to react 
with the reactive aggregate particles resulting in the formation of alkali 
silica gels. This results in c:acking near the reactive particles. ‘This 
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Braduall 

gel long he Re foie Surface of the concrete with the exudation of 
alkali cements ne i ol ‘action may be controlled by using 
oxides. ting less than 0. 6 percent of sodium and potassid 


In mod ildi 
faced with io nn Concrete and reinforced concrete walls 
from rain water © give them attractive appearance and protect 
beauty and grand a 2tmospheric gas action. Natural stones EY 
nance of the Ho ees eS Moreover the upkeep and nr 

3 £S In stone are not di ks ranites 
limestones are used widely as facing কত la 


BUILDING STONES OF INDIA | 


Granit rr ! 
enstaline rhea wan dreltses available in plenty in the oles 
ু Of Indi, . fr uC! 

a have been used in the const. fp 


h raive offices of the G ment of Indl 
Now OE have চা built of in VindHyen nds oats Vind 
sa k also used as flapst eds MY TE 
window sills, telegraph poles, RES SR SAAT 


nother vari A 
ht A sane Sandstone of great beauty and durability fi 
দা The cel © obtained from the upper Gondwana rocks y 
ONES: clebrated temples of Puri- eshwat 

k and the B temples of Puri-Jagannath, Bhuvane! 
Konara ota uddhist caves at Kandagiri and Udayagiri a 
been hewn টী hp these sandstones. The Tirupathi sandstones রি 
Andhra Preces! and the Sathyavedu Sand stones of Tamil Nad 
used in buildings Are also Obtained from the Gondwana formation [ 


Limestoues which serve as excellent: building and ornaments 
e are found in many places in India and in most of the geologie, 
ations in India. The world famous Taj-Mahal has been bull 

ana INarble of Archaen Dharwars. 


5 J1 


fori 
of the Makr 
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The limestones from Guntur and Kurnool districts are capable 


Of yielding excellent building stones. The limestones quarried in 
Andhra Pradesh near Yerragunta. (Cuddapah Dt.) Betamcherla 
(Kurnool Dt.) are popularly known as Cuddapah slabs and are widely 
Used as paving stones, fence Stones, steps and table tops. They are 
Capable of taking a fairly good polish and can be split into slabs. half 
an inch or more in thickness and up to 6 ft. by 4 ft. in Size. 


nsivery along tne West Coast of Malabar, 
h and other places in India serves as a 
m the facility with which they 
quarried and their property 
d also‘as a road metal 


Laterite which occurs exte 
Maharashtra, Madhya Prades 
fairly good and durable building stone fro. 
are cut into bricks or blocks when freshly 
of hardening with exposure to air. It is use 
because of its abundant occurrence. 


ndia near Dharmasala in Kangra district, 


Slates are quarried in I 
Monghyr in Bihar ard Markapur on the 


Nand in Gurgaon district, 
ellore-Kurnool border. 


QUARRYING 


uarrying of 


There are two distinct types : one employed in the q 
btained in 


polling stones for which purpose’ the stone must be 0 

in Be and unshattered blocks or masses; the other in quarrying of stone 

১ rough irregular shapes for road metal, concrete aggregate, fluxing and 
arious other manufacturing processes. 


Methods of quarrying vary with the composition and hardness 
Of the rocks, their structure, cleavage and other physical properties 
3nd also the position and character of the deposits. The fundamental 
Principle of quarrying is to arrange the working face of a quarry in 
Such a way that the rock will slip free and slide forward chiefly by its 
OWn weight. In other words, itis to reproduce land slips of an econo- 


mir value. 


Prospecting and Development. Development work should not 
be started of a deposit without reasonable assurance of an available 
mass of rock, sufficiently high in quality and abundant in ennply for 
profitable exDloitation. 


A cliff or escarpmert along a scam or gulley is especially valuable 
because it provides a cross section which permits tests for quality at 
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Various levels. If such a cross section is not available in nature, A 
holes-are drilled at such intervals as will supply adequate data on t 
Whole area under Consideration. 


The prospecting method is governed to some extent by the Pe 
of Operation. If the chemical composition of rock is of PIM. 
importance as in furnace flux, lime or cement material, churn 9 
cuttings will supply materials for chemical analysis. 


. . il 
For building Stones or dimension stones and most crushed i 
Uses the physical properties are more important than the ¢ 


Fig. 90. Sandstone quarry. 


Properties. Building stones must be free from cracks, of unifor 
texture; attractive colour and for some uses capable of taking a P° 5S 
For crushed stone use rocks must have satisfactory strength, soundr i 
and low absorption. The term’dimension stone is generally EEC Ed 
masses of stones required for use in the form of blocks of SPEC! jal 
Shapes and usually of specified sizes. Other forms that find conte 
Use are designated broken, crushed or pulverised stones. Life d 
fragments that are classed in the second group may be of spe 
Sizes and sizing is usually accomplished by screening. 
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7 i 4 


EET — Rerfect 
{ cheswge 


Fig. 91. Slate quarry. 


Hig. 92. Limestone quarry. 


cerned chiefly 
g the over- 
The three 


Methods of Operations. The plan of a quarry iw. 
by geological features. Stripping is the process of removin 
burden of clay, gravel and sand from the rock surface. 


important methods of guarrying are— 


i) The Plug und feather method or wedging and cutting method 


as in sandstone quarry. 


(0) Explosive or blasting method." This is used in crushed stone 
d has become important since the commencement © 


quarrying an 
ays and the extensive use of cement concrete. The 


improved 
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- Object of crushed stone quarrying 1s to drill, blast with high explosives 
and quarry the material in the cheapest Possible manner. 


(ii) Channelling by machinery. This is employed in the quarrying 
of limestones. ঠ | 


WATER SUPPI Y 


There are two main sources Of water Supply . 
(1) Surface supplies — Rivers and storage reservoirs 


(2) Underground supplies —From .wells, deep borings an 
artesian water. 


Rainfall Considerations. The rainfall on any land area is dispers” 
ed partly by the run-off from the surface and partly by pe:colatior 
into the ground. In moist temperate lowlands it is estimated tha 
one-third of the rainfaJ! constitutes the run-off, one-third sinks into 
the ground'and Oone-third.is lost by evaporation. 


Underground Water Circulation. The percolation of water 
into the ground is controlled by the permeability of certain rocks. 
A permeable rock may be porous or pervious or both. The to 
Porous is commonly applied to such rocks as sandstones which ho f 
Water or. allow it to pass through their substance. The principa 
factors affecting Porosity are grain size, shape, grading or SOFT 
and the amount and distribution of cementing material. A Per 
rock is one which is traversed by open cracks and fissures whic 
contain water even though the rock itself (as for example a tL 
igneuus rock or thoroughly cemented sediment) may be so compa: 
as to be impervious. Joints, bedding planes and faults may all contri 
bute to the fissuring Of sich a rock and render it pervious. 


(cc) 


it having much more spa. 5) 

ig. 93, (a) Uniform grain deposit having muc ! : 

il assorted deposit having little pore Space. (c) Grains cemented 
FOO: with mineral matter having little pore space. 
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Downward percolation of rain water alone is not the only Ssuurce 
Of underground water, though it is the principal one. In addition 
to such water known as meteoric, there are two other kinds, connate 
and juvenile or magmatic water. 


Connate water represents Water originally present in the pore- 
Spaces of a rock when its particles were deposited. Itis, in fact, water 
of the original sea in which the sediments accumulated. This is saline 
in character. 

Juvenile or Magmatic water represents water expelled from 
cuoling igneous miagmas that were brought to the surface from great 
depths of the earth’s crust. Most mineral veins have been precipitated 
from solutions in ascending magmatic waters. 


Water-Table. A large amount of rain water sinks into the ground, 
and below a certain depth of the soil the rocks are saturated. The 
top of the saturated zone is known as water-table. This surface 
rises under hills and falls away towards the stream courses. 


Fig.. 94. Relation between topography and water-table in a homogeneous 
permeable rock. 


Conditions of water-table vary over many areas owing to the 
alteration of permeable and impermeable layers, folding and lines 
of faulting. Impermeable layers interrupt the flow of underground 
water 'and isolate. the water bearing horizons so that each permeable 
group fas its own independent water-table. Outcrops of such layers 


AiWr winter 


“7 -WwT Summer 
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Are comunuonly responsible for lines of intermittent springs aloug # 
hill side as in Fig. 95. Faults generally affect the water-table by 
blocking or diverting the flow, sometimes providing an outlet to 
underground water that would not otherwise be available as in fig. 96° 


Wells. Wells are controlled outlets where underground Want 
‘has been made available for human needs. Wells should be sun 
deeper to the lowest level Of the water-table. In the case of SIE 
wells sunk into water bearing strata at or near the surface especia 3 
in populous districts, the Water is apt to be contaminated by sewag 6 
OF other surface sources Of pollution. Deep wells, if lined to som 
depth from the Surface usually afford larger and purer supplies. 


inal 
The most favourable Of all sites for well is provided by a sy Eo 
trough of alternating layers-of permeable and impermeable beds 
rocks providing artesiarl Conditions. 


Fig. 96. Efiect of faulting in tapping underground. water. 


ন ince 
Artesian wells. This name has been derived from ‘the Le 
Artois in Northern France. The usual geological conditions a the 
Cive to a natural flow of water from an artesian well are shown 
figure. 


lowing 


Fig. 97. 
pping formations which include'a 2S 
bearing stratum with impervious beds above and below. Le 
2f the pervious bed outcrops and receives a supply of water fro 


There is a series of di 
OF water 
edsu 
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the Surface. The water filling pores of the pervious bed, is therefore 
Under pressure and when this pressure is released by a well, the water 
Seeking its own level rises to a height which may be almost equal to 
that of the outcrop of the pervious layer. 


Well 


Pu 
¢ i Pond -- WE 
=== -T- 
LL ----WT 
Fe 
~N 
Fig. 98. 


hr When water is pumped continuously from a well the rate of flow 

EE the rocks is usually insufficient to maintain the origina ea 

m the water-table is lowered around it. Thus there is produce a 
Ore or less conical depression of the water table around the well, known 


as ' 
the cone of exhaustion or cone of depression. A deep well from whic! 


a large yield is pumped, may bring neighbouring smaller wells within 
d dry must either be 


i ন ৰি ন 
a cone of exhaustion, and these being draine 
andoned or sunk deeper. 


Ground water in coastal districts and islands 
al regions and cer- 


ta The occurrence of fresh ground water. in coast: 
tain islands is of special interest. In these areas generally the strata 
1S of permeable nature chiefly consisting of sand, loam, corals, lime- 
Stones etc. and the rain water gets infiltrated through the strata and 
Occurs as fresh ground water. The salt water of the sea that seeps 
into the substratum makes the fresh water float over it because Of the 
difference in densities. The level of fresh water occurs usually at an 
altitude slightly above the sea level. Itis found that for every foot © 
fresh water that extends above the sea level, it continues downward. 
40' below sea level. It is due to the fact that'a column of fresh water 
41’ will balance a column of salt water 40° high. This condition is 
attributed to 2 hydrostatic equilibrium existing between the tw 
guids of different densities. This state of equilibrium is terme 
Ghyben—Hertsberg balance. 

In Fig.99 the fresh watér column (H) is balanced by the 
height of the salt water (h). If the elevation of the fresh water table 
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el 
above the sea level be (0) then (H) is equal to ht. The whols 
tionship may be derived thus : 


. ite relation 
(Where g is the SP. gr. of the salt water). As aC isa BE s 
Ship between Occurrence of the salt water and fresh ee jn th 
Water intrusion or Salt water contamination may be c f 
coastal regions and islands by proper methods of control. 


] he dis- 
Gruund Water Survey. A knowledge of the SEAT TA help 
trict, its topography and surface indications, affords ee evenings 
in the location of round water. Swarming of insects bl xistence © 
At certain points on the Surface during the dry EBON aR Er watet 
Lreen grass Vegetation are indications of Perched or suspe. 
table, 


[ 
, ER of th 
For ‘the detection of deep-seated springs a knowledge 


i important factor. 
structure of the rock and 1ts outcrop 1s an imp 
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১ Main ground water- table 


Fig. 100. 


Rock formations that serve as good aquifers are 2s follows :— 
Gravel, sand and sandstone, alluvium. 

Limestone with cavities formed due to the action of acid waters. 
Marble with fissures and cracks. 

Granite rocks with fissures and joints. 

Weathered gneisses and schists. 

Heavily shattered quartzites. 

Slate (better than shale owing to its jointed condition). 


Ground water occurrences in India 


The river plains of Indus and Ganges are 2 great reservoir of 
fresh sweet water available by wells. In hilly tracts of the country, 
Springs are common where pervious and impervious strata are inter- 

‘bedded and inclined or folded or when rocks are traversed by joints, 
fissures, and faults. In Deccan trap formations of Maharashtra and. 
Madhya Pradesh the vesicular basalts form good aquifers and yield 


round water. 


Artesian springs are met with in Gviarat, South Arcot in 
Tamil Nadu, Pondicherry, and East and West Godavari districts in 
the Andhra Pradesh. 


In deltaic region of the Tanjore, Tiruchirapalli, Madurai and 
Tinnevelly districts of Tamil Nadu the subsoil is clay or soft rock 
and it yields a fair quantity of good water. In Coimbatore and the 
central districts of Tamil Nedu, the substratum consists of rock at 
a moderate depth and the chances of striking artesian springs are not 


so great 25 in the coastal areas. 


In the West Coast regiois like Kerala and Karnataka the subs 
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tratum is mostl i 
expected. ostly lateritic ana a good yield of ground water may by 


Nh a Springs occur in many .parts of nd 
Kashmir. ’ Bihar, Assam, in the foothills of Himalayas 2 


DAMS 
first Cnsigical Considerations in the Construction of Dams. Ti 
foundations, The ee dam Sites, is the suitability of the rook n 
Of sites for dams are a Beological considerations in the select! 


withstand 


1. The underlyi 
YINg rocks must 
st be strong enough to rated) 


the weigh! 
JBAt of the dam and the resultant thrust (due to push 0 


2. The rocks sho ous 
uld be Sufficiently i s vent seriod 
Passage of water beneath the sole of ETE to pre 


3 
- ee rocks should be free from fissures joints and faults f 
€ 1s no serious leakage of water. j 


The 
HACE fies Site for a dam is therefore an impervious band of stro 
S Which are free from joints throughout the length Spent 
ce 


dam. Granite 3 
foundation Got and fissures would make an €x 


When a river b ” 
| reaks across a ridge by cutting a deep EOE: 
right angles to the strike of bedded or foliated rocks, an idea | 
site may be found in the Borge. - 


High d ন jdated 
EL Jam cannot be efficiently founded on loose, unconsolida e 


rata like san fl 
8p 1d be GEE ৰ loam because the loss by percolation or lee ns 
WON: ‘siderable. It is possible struc ressure 48 
in such areas if th Pp to construct low Pp! ings 
in SUCH : ey have sufficiently wide foundations without ope? 
or crevices. 
. 1) 

No dam is to be constructed across a fault plane. Small fissure টি 
and joints We be sealed with concreting material. But in the case he 
fault even after sealing it may give way or widen at the time of €# 
quakes. Hence it is not reliable. 


: i s ৰ one 
Massive 50lid rocks such as granite, trap, quartzite limest 
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and sandstone (fine textured), if free from open joints and fissures 
make excellent sites for the foundation of dams. Percolation of water 
is possible through decomposed rocks (dolerite and laterite) and 
hence they should be avoided. ই 


Considerations in the construction of dams on bedded or foliated 
rocks. An erosion valley in an anticlinal flexture (fig. 101). A dam 
founded in this valley will be efficient upto the height of marl as it 
Will be water-tight. Above this, leakage will take place through the 
sandstones on each side. But a dam upto this marl can be constructe 


A typical erosion valley in mountainous country showing anti- 
clinal flexure in valley, floor as shown in figure 102 renders such a site 
Unsuitable for a dam as the sandstone is exposed in the stream bed. 


Fig. 102. 


Among stratified rocks consisting of impervious beds interbauded 
with porous strata the dam should be built with its length parallel to 
the strike of beds and foundations should be so laid out as to have an 
apron of impervious strata under the upstream side of the dam. 


In tilted strata it 1s preferable to locate the foundation of the Jam 
on beds having upstream dips (fig. 103) rather than steeply inclined 
rocks dipping downstream (fig. 104). The latter are preferred to rocks 
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E downstream (fig. 105). 
founded exactly or very sligh 


gently dippin 
advanta 


ith 
In folded rocks dams are fit 
tly on the upstream side 
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axis of crest of the anticlinal fold (fig. 106). But in the case of the 
Synclinal fold the exact axis of the synclinal trough is not so go0d as the 
position of the downstream side S0 2s to have beds dipping upstream 


under the dam site (fig. 107). 


Another common source of leakage and danger is the use of POs 
Ous materials in the dam construction. The floor of the dam on the. 
upstream side should be perfectly Water-tight. In hot climatic regions 
Shallow valleys with gentle slopes are not economical as there will 
loss of water due to evaporation. An idea Of this can be had from the 


figure shown below : 


Let 1 be the length of water spread. 
b the length of dam at the water level 


and d the maximum depth of the reservoir. 
Volume of water in the reservoir = (approx.) 


পাবো ১, 


Fig. 108. 


If the loss by evaporation is ks the depth, the new values of 1, b, 


and d are #; 1, #5 b and fs d respectively. 
Therefore new volume = 2 Gest x 8st X fo) = ঠন সি 1bd 
Le. the loss=27.1%- 


Similarly, if the evaporation lowers the depth by # then tne loss 
wilpe 57%. From these calculations, itis evident that shallow valleys 
with gentle slopes are not suitable. 

Faults, joints and fissures can be studied from ie surface itself; 


but sub-surface conditions and other structural features are better 
~ known by geological map of the place 


Besides the above general considerations, the type of dam to be 
designed in a given locality is a matter of considerable study. The 
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or 
Principal kinds of dams are Earth or rockfill dams and Masonry 
Concrete. The latter includes Bravi 


dams. The following are t 


Gravity dams. ‘These may be c 
they are of smaller heights. 
higher Structures. 


jon if 
Onstructed on earth TOU f 
But solid rock foundation is necess. 


Buttress dams. These are onl 
volume of Concrete reduced by ta 
Strength of reinforced Concrete. 


4p the 
Y modified gravity dams vie 
king advantage of the Maley 
They are best suited to TOIT Es 
Are scarce. These also require good fou 


Arch dams. An arch has a 


5. 
K ু orge 
Section. Hence arch dams are economic only in narrow 8c 


Earth- Dams. These are co 
Silt, rock flour or clay. The un 
Structure flexible earth-dams ca 
foundation. 


ands 
Dstructed of loose rock, gravel, ফ the 
it loading Pressure being low an! oe of 
n be designed for almost any ty 


TUNNELS 15 
0) 
The feasibility of tunnels is dependent upon numerous i 0 
and the geological conditions of the area, that affect the suitabi EE 
the rock, are of immediate importance. Geological mapping A 
tural studies will permit the geoiogist to predict sub-surface on 69" 
and anticipate difficulties With greater assurance. IF sub-surfa 


Lief ction 
tures are known it is Possible to select a safe area for the constru 
of tunnels. 


ief 
ঃ e chie 
The ability of the Tock to stand cutting and the cost AE 

considerations in the Construction of tunnels. The cons 
rendered unduly expensive when. 

(i) a large volume of water is met with. cessive 

[2,4 

(ii) the place is unsuitable for labourers to work due to 

rock temperature,and 
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(ii) the rock is charged with harmful or noxious gaASCS, which 
Means loss of life. 


Tunnels in loose ground. Wheén 2 tunnel is driven at shallow 
epths, i.e., at fifty feet below, there will be constant danger of roof 
all and also of the sides because of radial pressure. Therefore it 18 


ecessary to take precautions during operation and lining (fig. 109). 


= 
angis of repose A 
Wate P Zz 
হা / 
টু + be 
Bs WE HM 
> ‘/ 
a) a 
be / 
ত “ 
Fig. 109. 


In another case the tunnel is driven at 2 greater depth in loose 
ih conditions the conso- 


round say 100 feet to 200 feet and under suc| 

idated material will stand better unless it is heavily soaked with water. 
Here the pressure on roofs and sides will be less and hence less possi 
bility of rock fall from roofs and sides. However, the tunnel has to 


be lined throughout (fig.. 110). 


Conditions of work depend upon the nature of rock types 


Tunnels in igneous rocks. Maximum rock temperature is found 


here. The deeper the tunnel the higher the temperature. This is 
Overcome by watering or by providing cold blast. Spring water 18 
not generally met with here. Timbering is also not: necessary except 
in few cases and lining may be avoided altogether. 

met with. 


Tunnels in sedimentary rocks. Heavy springs are 
us gases 


Hence lining is absolutely necessary. When carbonaceo 
occur they are overcome by a water jet. 


Tunnels in metamorphic rocks. The progress of work depends 
upon the nature of the rocks and their properties like cohesion and 


hardness. 
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Tunnel excavation is easy in conse 
= dated rocks, igneous and metamorphys 
€.8., limestone, granite and marble. oc 
1 the case of stratified sedimentary 3 
| tunnels should be driven along the $ 
| Of beds as the same beds will be s Ol 
With all along, and the condi i 
Working will not change. Various 0 
tions are met with here. 


el is 
The main portion of the tunne. 


ng 

EB Placed in shale and marl because Hs 

eA can be done easily (fig. 113). M Fe good 

i / ; [| the upper sandstone will serve as ve 8 
LA roof and the hard limestone will se 


a good floor. 


is 
A tunnel in sandstone in tilted st 
v dangerous. If the rocks arg dry ther 
/ 1 not much of danger, but when water 
colates danger prevails (fig. 112). 


Er) 
In thinner sheets one or more beds 
be éxposed in the tunnel and thr hese 
Fig. 110. these water may find its way. I there 
+; laminated strata are steeply inclined tg 
is always the probability of relative movement among the beds 
the possibility that the whole 


Placement of beds (figs. 114 a 
clined beds tunnels should not 


put 
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+ 
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bE ME 
dR 
LE 


Fig. 111. Fig. 112. Fig. 113. 
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Fig. 114 Fig. 115. 


in sandstone due to the danger of percolation of water. Secondly 
tunnels between sandstone and shale is also not good because the 
Sandstone may slip against shale and shut the tunnel. In such a 
case the best site to drive a tunnel is between shale and marl taking 
Precautions with regard to lining of the tunnel. 


B Oblique tunnels. When a tunnel‘is driven across the strike of a 
tilted strata there is in general, the danger of meeting with water. There 
is also the danger of one bed sliding relatively to the next bed below 
and produce shear strain on the cross section of the tunnel. 


Fig. 116. 


Tunnels driven across the anticlinal fold. Roof fallmay be expect- 
ed under the arch of the fold immediately above the tunnel (fig. 116). 


Tunnels driven across synclinal fold. There are possible ditficulties 
from water under artesian conditions in the porous beds of the section 
(fig. 117)- 

Tunnel section in mghnly folded rocks. Tn this case the folds 
have long limbs. They. resemble tunnels driver. across the 
strike of steeply inclined beds (fig. 118) e.g., Long Barog tunnel in 
Kalka-Simla railway. Tunnel which traverses beds of the Tertiary 
rocks, obliquely crosses the strike of the steeply inclined beds. These 


? _ বা 
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SE, Rr The presence of faults may add considerably fo 
he lin Ft ন nse of excavation. Lines of faulting which cross 
Prana one ee Sources of springs, particularly W. 6! 
Ide dip t. . ২ 
side of the fault plane. P towards the impervious rock on the 
|] 


Ventilation of tunnels. Harmful effects of gases in tunnels CF 
generally be minimised by a proper system of ventilation and use 9 
compressed air employed for driving the machinery used in the tunnel. 
Simplest method of Ventilating a. tunnel is to have numerous lds 
openings to daylight at frequent intervals. 

nds 


Pressure turned: The question of water in tunnels depen. 
greatly on the porosity of rocks and the extent of outcrops, that £’ 
the surface exposed as a catchment for the absorption of rain water 
The structure of tunnel constructed for conveying water through f 
hill or ridge has to be considered with regard to leakage and possible 


damage for mines OF properties in the neighbourhood 
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LANDSLIDES 


Landslides occur when, by natural process, the unconsolidated 
detaches itself from 


Ee Hiatosial or the jointed mass of a hillside য 
্ and slides down the slope. The loose material on all the hill 
pes tends to slide or creep down the hill if the hill slope exceeds the 
Angle of repose of the materials. These conditions arise from natural 
Re like weathering, rain and in cold countries due to frost action. 
S may also be due to overgrazing of land by cattle and deforestation. 
Tderground water is also one of the chief agents for causing land- 
Slides The percolating water lubricates the under eirface and pro- 
duces slumping and Slipping. Tandslides are also caused by earth- 
Quakes and erosion. 
Surface creep or soil creep can be prevented to a certain extent 
Y Vegetation and artifical means (concrete lining). Grass and tree 
toots generally not oniy bind the soil and subsoil as a mat but by 
Preserving more constant moisture content reduce the volume changes 
associated with alternate wetting and drying of the surface soil. 
Stability of hill slopes. This depends largely pon the nature 
Of parting and joint planes and also geological structures with regard 
to bedding planes and folding. 


In bedded strata there is always a tendency of beds to slide over 
the bedding (Fig. 119). Tendency of sliding is so strong on these 
Slopes that a drag or pull is exerted on the beds below by the surface 
Soil overlying it. Asa result, the beds are bent in the direction ‘to- 
wards the foot of tlie hill. ‘This action of terminal cree induées 
conditions which give rise to larger landslides. 


Fig. 119. 


| Landslides are liable to occur on hill slopes where dip of the bed 
is also in the same direction (Fig. 120). If the rocks dip into the 


AR 
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. . 1 ose 
hill there is no fear of Slips unless there occus 4 system of joints ye 


Planes are along the slope of the hill and thus function as bedainiy ich 
es (Fig. 121). The most dangerous hillsides-are therefore those 
slope over 40 degrees and cComnosed of hard and soft rock beds. 


Fig. 121. 


2 
A general Tule can be given for the location of a EE she 
valley with steep slopes. Avoid as far as possible the si aution 
lley in which the rocks dip towards the stream. This ee occus 
cspecially necessary when alternate layers of hard and soft 
e 
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SOIL EROSION 


Soil erosion is one of the serious problems confronted by wie 
hie Dlturists to-day in many parts. Soil is an irreplaceable resource. 
ন is formed due to the action of atmospheric weathering. Soil erosion 

the loosening of the soil from the bed and the transportation of soil 
from one place to another. This takes place through the 
ion of wind or water in motion. 


Erosion due to water is the most serious and extensive type that 
Scour in many parts of the Madras and Andhra States notably in the 
Soastal districts, e.g., the black soil areas of the Cuddapah and 
Kurnool districts, Coimbatore and the hilly‘tracts of Nilgiris. The two 
fundamental types of water erosion are sheet erosion and gulleying- 
They cut up agricultural lands into small fragments and make them 
Unfit for cultivation in course of time. 


Soil erosion is one of the consequences of deforestation which 
also causes failure of rainfall. The day temperature within a forest 
is lower than outside, but when the trees disappear the sun heats up 
the rocks and bare earth, with the result, the hot air rises and forces Up 
the clouds which no longer drop their moisture in the form of rain and 
the country becomes drier than when it was covered with forest. 


Remedies. “Nature to be commanded must be obeyed”. We 
Should work in accordance with laws of Nature. Under natural un- 
disturbed conditions an equilibrium will be established between the 
climate of the place and that of the cover of vegetation that protects 
the soil layer. Vegetation, trees and forests retard the transportation 
of soil material and act as a check against excessive erosion. Some of 


the remedies followed are :— 


1. Afforestation as in the Jumna ravine lands in the Uttar Pradesh. 


2. Terracing and drainagz of sloping bed as in the tea estates of 
Assam and Nilgiris. 


3. Bunding of fields as in the Bijapur district of Mysore. 


4. Crop rotation, that is, recurrent succession of different crops 
on single land. 


) _ ব 
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5. Application of green manure to the fields and 


6. Proper control Over graze lands. 


GEOLOGY uF SOILS 


Surface of the earth in which plant grows. Soil is an irrepla 000 
JOU: Nature takes under most favourable conditions 200 to yials 
years or more to build a single inch of top soil from the raw me of 


of the sub-soil dependin u i i iti 
On t 
রি jj: § up he climatic conditions 
ty 


aL the top soil is Jost the land will be deprived of its fertili ings 
in turn It will affect the Prosperity and well being of all living bel of 
existing over it. So the Conservation of this natural materia! is Bf 
Hi ‘mportance, Soil erosion takes place through the CS 
aE THEE In motion. One of the chief causes for this is de soil 
ale ঠ 8 Vegetation, trees and forests retard the transport og be 
Bome in nc চা check against excessive erosion. It s Janniod 
tOWRSD! FNC Dat While laying highways, railways and Po () 

WIS ps, the vegetation Which forms the protective blanket fo ru 
loose soil on the Surface of the earth should not be removed ut: Va 
pulously. Hence the Governments .have constituted the soil conse soil 
tion board to see that the top soil on land is well protected. g 
conshi tute the natural Surface of the earth that is encountered in @ os 
civil gineering CPerations. In engineering, the term soil inclu yf 
loose material as well as the unconsolidated Gah materials that ith 
below the loose so, Commonly an engineer is concerned. is 
depths Of 50 or less in his construction works. Soiloccurringin tion 
layer 1S Tesponsibje for many diffizsulties faced during construe ty 
and also after completion. The stability of the structures Bre be? 
depend on the behaviour of the soil. A well known example mf, 
cited i.e., the leaning tower of Pisa in Italy. This tower is 1 ttle" 
in height and leans 16 ft. out of the perpendicular. This is due to Ee 
ment of Undine alluyja soil whieh eed tipping of the 8 
ture. nly in 
Soil study Telated to Civil Engineering gained importance © 


'S 
recent Y' লজ 
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Soil Genesis. The knowledge of soil genesis and occurrence 
is useful in the study of the properties of the various kinds of soils 
and their correlation. So the various processes responsible for soil 
formation and their occurrence should be generally familiar. Soil is 
found in the boundary zone of lithosphere and atmosphere. It is 
formed due to processes of interaction of the two. Soils occur as pro- 
ducts of rock destruction. The process of change resulting from 
exposure of rocks to the influence of atmosphere is known as weather- 
ing. - Weathering can be divided into two subprocesses —disintegra- 
tion and decomposition. 


Disintegration may be called mechanical weathering and it is 
brought about by the following conditions : 1. Temperature changes. 
2. Freezing and thawing. 3. Action of plants and animals. Decom- 
Position may be described as chemical weathering and it is produced 
by chemical changes, such as (i) Oxidation. (ii) Hydration. (iii) Carbo- 
nation. (iv) The effects of organic acids derived from vegetation. The 
action of these weathering processes is gently influenced by the climatic 
conditions. It is observed that the rocks are weathered predomi- 
nantly by decomposition in warm humid climate; by disintegration in 
Warm dry climate; by combination of the above two in temperate 
climates and by expansion and contraction of ice in cold regions. 


Depending upon the resistance to mechanical and chemical 
Weathering minerals get altered. Important rock forming minerals 
and their altered products are as follows :— 


ROCK FORMING MINERALS ALTERED PRODUCTS OF WEATHERING 
Quartz Reduces in size Dur retains identity 
Felspai> Clay minerals and soluble matter 
Mica Clay minerals-hydrous silicates 
Hornblende, Augite Hydrous silicates 
Olivine Serpentine and iron oxide 


In this process of alteration the formation of clay minerals is 
important. 


The rate of weathering is greatly dependent on the type of rocks 
exposed. The geological formations differ from place to place and they 
are of varied character—Igneous, sedimentary and metamorphic. 
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As a result, soils found on 


; re BIE 
the earth’s surface vary greatly. The 
many kinds of soils. 


Classification of Soils. 


CW Geo" 
There are various classifications. : 
Ogical Classification is based 


i are: 
On the mode of formation. They 


1. Residual Soils. 2. Transported Soils. 


eriDg 
Residual Soils. These are formed as products of weath 


i oximate y 
and are usually formed Where riatural rock surface is appr he 
horizontal. Here the chemical 


composition of the soil cover an 
bed rock is almost identical. f 
Transported Soils. 
transported by the vario 
are described as given bel 
of origin. 


These are formed from weathered Ki 
US agents such as wind, water, ice - mo 
OW after the agency of transportation 


THE CHIEF AGENCY OF 
TRANSPORTATION OR 
MODE OF ORIGIN 


KIND OF SOIL 


Aeolian Soil 


Wind 
Alluvial Soil Streams & rivers 
Glacial Soil Glaciers 
Lacustrine Soil Lake 
“ Marine Soil Coastal 
Colluvial Gravity 
Volcanic 


Volcanic action 


jan 
L ussid 
There is a broad classification adopted by American and R 


p io cimilar intern. 
pedologists. These groups include the soils having SUE prairie 
characteristics. They are Tundra Soils, Desert Soils, Podsols, 

Soils, Chernozem Soils and Laterite Soils. 


ids and BE 
Soil Components. Soils are composed of solids, liquids Te 4 
ous components. Soil minerals and organic a (fe sol 
solid part and the water and air in the interstices He tively, ly 
rticles ferm the liquid and gaseous components r e extreme J 
he twc fluctuate frequently. The mineral constituents a; rope a 
oe in size, Shape, and chemical composition. The i 8s 
a water ibsorption, air movements, rate of solution 
PU are dependent on the particle size. 
of tl 
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s of soils, the particle size of the soil 


material is significant. Hence the particle size is the basis of clas 
cation in Engineering. In Engineering practice there are standard 
methods of mechanical soil analysis by means of sieves, elutriators and 
hydrometers. The various laboratory tests on soils are determination 
of moisture content, plastic and liquid limits, shearing strength, consoli- 
dation under load, penetration test, permeability test etc. A know- 
ledge of local geology is necessary to make sure that the type of soil 
encountered in the area is same throughout. Then only the test results 
Obtained on soil samples may be applied to design work safely. 


In the study of propertie 


Tap Ssh - rich in orgenic malter- 
humus - Laue dark caowred 


Sub sil consisting of mee minere! 
mabar ~ Silt k tay - Less orgare 
content 


Calcareous nodules Canker) 
in dry regent 


Sub Stratum 


Bed rook 


Fig. 122. Soil profile. 


at earth surface are conti- 
have given rise to different 
br less parallel to the 
with regard to colour, 


Soil Profile. The various soils formed 
Duously changing at various rates and these 
layers or horizons. These horizons are more 
Surface. These have characteristic properties 
texture, porosity, consistency and reactions. The horizons may be 
thick or thin. The succession of horizons is called the soil profile. 
These horizons in the soil profile are designated by the letters A, B, C. 
The surface horizon forming the top soil is the ‘A’ horizon. It is 
underlain by the sub soil ‘B’ horizon. The zone under ‘B’ having the 
substratum is the ‘C’ horizon. To the engineer the soil profile is a 
cross section of an actual sciFdeposit from the earth surface to the 
depths which he Considers for his purpose. If this cross section reach- 
es into the underlying rock the term geologica! section is used. 


The two great names associated in the pioneering and tremendous 
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Work done in soil study are Dr. Karl Von Terzagni and Dr. A. a 
grande. The soil Study has given rise to another specialised bint 
study namely Clay mineralogy. The outstanding work in this 
has been done by Prof. Ralp. E. Grim. 


any 
I. Kaolinite 2. Montmorillonite 3. Illite or hydromicas. 
Of the peculiar physical Properties of clays are now known El 
due to the Properties of these minerals, especially those Be Ups 
moisture content. They are chemically reactive (particularly 8 
2 and 3) being acidic in nature and they possess the important a erties 
tive property i.e.,' the Property of base exchange. These prop 
prove to be of great importance in engineering construction. 


SOILS OF INDIA 


ia gre 
. . 8 4 
The principal characters of the main soil groups of Ine 
generally related to the nature of their geological foundations. 


| divi 
India can be divided into four main physical and geologica 
sions. 


(1) Extra peninsular mountainous region 
(2) Deccan Plateau 

(3) Indo Sangetic trough 

(4) Thar desert 


j alayas 

Extra-peninsular mountainous region. The site of the Te periods 
Was under the sea during the whole of Palaeozoic and MM rriary the 
in the earth's history. It was only in the beginning SFE broadest 
Himalayas began to be upheaved. Himalayas is Ee an region ate 
longest, highest mountains, The rivers in ‘the RE rapidly be 
very young and in mature Stage cutting their hi RA 

ntrast to old rivers of peninsular India w ict S the soils caf 

neler of erosion. The region being mountiainou 
acctimulatedl Only in favourable regions. 


je 
হে jt varie® 
Deccan Plateau. With regard to elevation of ee L 0 2000 
com 1500 ft to 2500 ft, although there are peaks to a 
from 
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fl ও AEE 
ee have relict type of mountains which withstood the wear and tear 
the denudation. The western ghats and the eastern ghats are the 


SE Ples Various type of rocks are found in this region—Granites, 
ek 5s and Basalts. Granites and Gneisses give rise to red soils by 
HE een and decaying. There are basic gneisses which give rise to 
চা soil—practically comparable to ‘black cotton soil’. The great 

salts formed due to eruptions of lava during the close of Mesozoic 
and beginning of the Tertiary era give rise to fertile black cotton soil. 

he rivers Mahanadi, Godavari, Krishna and Kaveri have developed 


deltas in the east coast. 
formed as a depression between 


H; Indo-Gangetic Trough. This is 
imalayas and Deccan Traps and then filled by the sediments brought 
RR the rivers from the mountainous areas lying behind. This region 
Onstitutes the rich alluvial plains of the Indian region. 
Je of Rajasthan and adjoining 


a Thar Desert. Practically the who 
bes is composed of parallel ridges. Wind blown sand is formed in 
tween them in the intervening valleys. 


ত Climatic Factor. In India major portion enjoys Monsoon cil- 

te. This is a very important factor in the development of soils. 

Pp The Main Soil Groups of India. Soils are of two types—Trans- 
Orted and Residual. 

Transported or drift type of soils. 

Bas or ice e.g.» soils of Indo-gangetic pla 
eninsular India. 


Formed by running Water, 
ins and coastal areas of 


Residual or in situ soils. e.g, Soils of Peninsular region and 


Himalayan region. 
General Characteristics of Indian Soils 


The soils of the Indian peninsula show marked contrast 10 soils 
Of European countries. The European soils have close affinities with 
their rocky substratum. Podsolisation is a common character of these 
soils. Some mountain and forest soils of north India can be compared 


to podsol soils 

. The asuvial soils of the vast Indo-Gangetic plains have b 
deposited geclogically in sub-recent times. These differ from penin- 
sular soils and majority of European soils in having undergone but 


CEN 


= _ বা 
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The following are the important kinds ils : 3 
a of soils: (1) R' - 
(2) Black Cotton Soils (3) Lateritic soils (4) Alkaline soils (5) Mout 


= i i il 
Red Soils. - They JCCUr Over an area of 800,000 sq. miles inc 


ing parts of Bihar, Bengal, Orissa, parts of Madhya pradesh, is 
Mysore and major Part of Tamil Nadu. The colour of these sols, LY 
generally red, often grading into brown, chocolate, yellow, grey ph 
sven black. The cofour is due to oxidation and wide diffusion 0 
‘ron content. It is moderately fertile and varies considerably in 9 { 
Dosition because Of the variation in characters of the original Table 
fhe red soil group is Benerally deficient in its content of or 
*xchangeable bases and their total base exchange capacity for i 
etc. is generally low. 2) 
‘Black Catton Soils. This is also known as Regur and is 0 
equivalent of the Russian Chernozem. This covers a large rb 
Gujarat, Maharashtra, Madhya Pradeshand Andhra. Isolated P# 


{ . fy % 

ne The most Characteristic black soils cap the volcanic plateau © 
eccan Traps forming a mantle of rich residual soil. i) 
OWF! 
In Deccan trap Country, it is observed the soil is red or br as 


the colour of the soil is more reddish or brownish than blackish fy 
seen in Jubbulpore, Typical black soil is highly argillaceous, ! 10 
porous, swells enormously when wetted and dries up with conspi® nS: 
cracks. The dense black colour of these soils is due to varied reo i 
Partly it may be due to iron or to some minute quantity of a titan, ase 
iron compound and Partly to carbon and organic matter. 
exchange capacity of regur is fairly high. 

Lateritic Soils. This Soil group forms a belt of variable 
round the peninsula. It occurs mostly in Tamil Nadu, a 
Maharashtra, west of Mysore, Orissa and Bengal. 5 


el 
In lateritic soils leaching action is complete. So there is a cont fj 
tration of hydroxide of alumina and iron with the loss of silica, 
magnesia and alkalies. Because of the intensive leaching EM Vr 
base-exchange capacity the lateritic soils are lacking in ferti 
are of little value for crop production. 


width 
pala’ 
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fe Alkaline .Soils (Reb, Usar, Kalar Soils). These are salt impreg- 
টা ed or alkaline soils which form a peculiar group in India. Soils 
t the drier parts of North Bihar, Uttar Pradesh, Punjab and Rajas- 
্ু an tend to saline and alkaline efflorescences. Such lands are known 
S Teh in the Uttar Pradesh, Kalar in Punjab and Chopan in Bombay. 
the Himalayan Region. These soils 
je found in the depressions in valley basins and on the less steeply 
jislined slopes. These are primary soils, shallow, immature, contain- 
Ng a large proportion of undecomposed mineral grains. They are 
Sandy or gravelly, porous, devoid of humus and frequently impre- 


Bnated with lime and soda salts. 


Mountain and Forest Soils of 


The alluvial soils are the most important from 
hey form rich loamy soils and are 
part of North India between 


ন Alluvial Soils. 
1e agricultural point of view. T 
he fertile. They cover the greater 

e foot of the Himalayas and the northern slopes of the Vindhyas 


i extend in a narrow fringe round the coast line of the peninsula. 
Bi ey occupy the parts of- Punjab, Rajasthan, Delhi, Uttar Pradesh, 
ihar, Bengal, Assam, Coastal districts of Andhra and Tamil Nadu. 


Ry are deficient in phosphoric acid, Nitrogen and humus but 
equate in potash and soda. 


QUESTIONS 


1. Describe and classify building stones. Expiam how their 


durability is ascertained. 


Ww 2. What are the essential qualities of a good buuding stone? 
মে hat physical tests will you carry out before deciding whether a parti- 
Cular rock is suitable for building purpose or not 2 


3. Classify the building stones and give a description of the 
jurious” mine- 


Physical properties of a durable variety, What are “inj 
tals and how do they shorten the life of a building stone ? 


4. Give an account of the physical : 

DRE properties that go to make 
a good building stone. Draw a sketch map of Peninsular India and 
mark therein the important localities of occurrences of building 
stones, mentioning the salient features v1 eacn variety. 


5. Name.and fully describe the physical.properties of any four 
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2 here 
of the important Tock types that are used as building Stones. 4 
and in what geological formations do they occur in India. 


EA | ing and 
6. What are the Principles that govern economic quarrying © 


yj L i 
selection of quarry sites? Explain with reference to any quarry W 
You have visited. | 


g rying 
7. What are the Principles which govern the economic au 
Of stones and selection of quarrying sites? Illustrate your 8 


tes. 
by methods followed ™ quarrying standstones, granites and sla 


ন? ook. 
8. Define (a) Water table (6b) Aquifer (c) Permeability ডু cli 
What are the Ecological factors Which you will consider in se 


+) Crystar 
2 site for a well in an area Occupied by (;) Stratified rocksi(ii) Cry’ 
line rocks. 


jon 
jrculatio' 
10. Give an Account of the Origin, occurrence and circ water 
of Bround water. Examine the Possibilities of augmenting the 
Supply position in Madras City. 


gt 
্‌ 7 Wh 
11. How does 2 tube well differ from an artesian well ? a site 
are the geological factors Which you will consider.in FE dia 
for a tube well and An artesian well ? Indicate the regions 1 


f K 5. 
which are suitable for Putting one or the other type of these we or 


‘ at 
12. Briefly explain how You will survey the underground What 
resources of any city with Water supply from other sources. exist" 
extent can such a ground Water supply be made to augment the 
ing supply ? 


ice 
cho! 
13. What are the Seological factors which inGucnce Me ogical 
of site for a reservoir ? Discuss the suitability of various § 
structures and rock types Of reservoirs. 


the 
a; of 

14. What are the artificial lakes? Give an ny ans” 
Geological factors that influence their location. Illustrate y' 

wers with reference to any artificial lake YONEIVEISCT: 


৫ 
: of th 
15. What is “River valley project’’ ? Give an account 
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ae geological conditions for the proper execution of such a pro- 
Ct. 


16. “An earth dam carefully designed and built will prove as 
Fea Lent as any of the works of man, if proper attention is given to 
tn POrfant details during construction’’. Explain geological and 
elated criteria implied in the above statement. 

17. What are the geological requirements which will have to 


be investigated for selecting a site for a tunnel. What type of lining 
Would you suggest for tunnels driven in (a) Unconsolidated (b) Con- 


Solidated rocks. 
18. Explain briefly the distinction between :— 
Landslide and creep. 
19. Write short geological notes on :— 
Landslides, Artesian well. 


ctors which affect the stability of 
u take against the natural changes 
ubjected as a consequence of the 


+ 20. Discuss the geological fa 
Hill sides. What precautions will yo 
\) which roads on hill station are § 
action of geological agencies ? 


21. Write a short essay on the utilisation aspect of geology in 


“engineering. 


(see also appendix ) 


CHAPTER Vl 


EEE 
Ee Oe 


ECONOMIC GEOI.0GY 


fn 
Mineral Deposits. The term mineral deposit designates 
Occurrence of one or more minerals in such concentration as to two 
a deposit of economic value. Mineral deposits fall naturally into 
classes; metallic and non-metallic. 


als 
An ore is a mineral aggregate from which one or more nl 
Can be extracted at a Profit. It consists of one or more me ter 
ferous minerals associated with worthless mineral or rock m8 
known as Sangue., 


is 

Forms of Orr todies. The shape and form of an ore bor 
of great practical ‘ortance, for it determines the way in wh pd 
ore body can be Worked. A tabular mass of ore more or less $ tion 
ly defined from the rock is termed a vein. During the OEE 
of such mineral veins some irregular openings or cavities are fo eral 
and they are known as Vugs or druses. A lode consists of Soy 
veins spaced closely enough so that all of them together wit 
intervening rock can be mined as a unit. 


ine" 
Kinds of Ore Deposits. A feature that distinguishes most 5 j in 
ral deposits from other Beological formations is that they ites’ 
useful minerals in relatively Concentrated form and in large quan® it 
Mineral deposits are classified after the geological processes 
brought about the Concentration. 


1. Concentration by igneous activity. 
(a) By magmatic Concentration, e.g., chromite. JG 
ঠ BD 
(b) By hydrothermal solution, e.g., Veins of copper, of 


sits 
and un. Replacement deposits of lead and zinc, some depo 


copper. ne 
Et g, 50 
2. Concentration by weathering, ¢.g-, Bauxite, iron ore 


copper ores. [1 
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3. Concentration by sedimentary provesses. 


(a) By mechanical sorting €.g., Placer deposits of gold 


and tin. 


(b) By chemical precipitation, €.§-, Rock salt and gypsum, 


iron ores. 
(c) By organisms, €.£-, Coal and petroleum. 


Concentration by Igneous Activity 


Magmatic concentration. Certain accessory Or uncommon 
Minerals of magmas may become concentrated into bodies of suffi- 
‘lent size and richness to constitute valuable deposits as a result of 
Simple crystallisation or from concentration by differentiation of 


intrusive igneous masses 


exist between specific magmatic ores and 


certain kinds of rocks. Most of the rich mineral deposits occur in 
Association with deep-seated basic igneous rocks like norite, perido- 
tite, anorthosite and gabbro, €.8., platinum, chromite, nickel, copper 


and diamond. 


Definite associations 


During the progressive crystaliisation of the magma, the abs- 
টী traction of the early crystallising rock mineralsler 3a residual liquid, 
generally silicic, which gradually becomes enricud in volatiles and 
Bases. These residual liquids also contain compounds of metals and 
Othe;- valuable substances in concentrated form and they result in the 


formation of pegmotite rock with its rich mineral deposits under f '0u- 
rable conditions. 


During the final crystallisation of the 


Hydrothermal solutions. 
in the form of gases 


magma, residual aqueovs solutions are ejected 

or liquids or both, which move upwards towards places of less pressure. 
These hot ascending magmatic solutions are known as hydro- 
thermal solutions and they are responsible for deposition of certain 
minerals. 


The deposits are classified into three groups according to their 


mode of formation. 
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CLASSIFICATION OF HYDROTHERMAL DEPOSITS 


Kind of deposit Mode of formation Chief ores formed | 

Hypothermal Formed at great Cassiterite,. Wolframite 
depth at high Molybdenite, 
Pressure and Gold-quartz veins, 
temperature copper-tourmaline an 

lead-tourmaline 

Mesothermal Formed at intermediate Pyrite, chalcopyrite, 
depths at high aresnopyrite, galend, 
pressure and sphalerite and 
temperature native gold 

5 ite, 

Epithermal Formed at low Native, gold marcas! 
depth under Pyrite, cinnabar an 
moderate pressure stibnite 


and temperature 


Ete eine MEE 


Replacement deposits. Replacement may be defined as a proce 
of simultaneous capillary Solution and deposition by which 2 ese 
mineral is substituted for one or more earlier formed minerals. 
deposits are also known 4S metasomatic deposits and this Pr 
of replacement is metasomatism. The ore minerals of contact-% 
morphic deposits have been formed almost entirely by this proc 
The chief ores are iron, Copper, Jead, gold, silver, tin, mercury, Jace” 
ganese, barite, magnesite, fluorite and kyanite. By means of reP . o- 
ment wood may be transformed to silica (petrification); a single ano 
ral may take the place of another retaining its form and size yal 
morphs); or a large body of solid ore may take the place of an ® 
volume of rocks. 


Concentration by Weathering 


ing 40 
Under warm humid climate most rocxs react to weatheri™ ani- 
many of their constituents are removed either in solution or m7 


cally, €-8-, bauxite ore, oxide of iron and manganese. i 
5 becO! 
Secondary Or supergene enrichment. When ore deposits > osing 
sed by erosion they are weathered along with the en 
expo 
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ise many ore minerals and yield sol- 


vents that dissolve other minerals and carry them downwards t6 the 
ground water-table. When solutions penetrate the water-table, their 
metallic content may be precpitated in the form of secondary sul- 
phides to give rise to a Zone of secondary or Supergene enrichment. 


Rich iron ore and copper deposits are formed due to these processes 
of oxidation and secondary enrichment. The occurrence of this kind 
of deposits are often indicated by the outcrop of yellow rusty limoni- 
tic deposits. These are termed gossan (meaning iron hat) or caprock. 


rocks. Ihe surtace waters oxid 


Concentration by Sedimentary Processes 


Placer Deposits. When weathered materials are transported by 
moving water or air, the heavier materials tend to ‘accumulate in the 
basins of the channel. Such a deposit of heavy minerals is called a 
Placer. Concentration of this kind can occur only if the valuable 
minerals possess the three properties, viz., high specific gravity, chemi- 
cal resistance to weathering and durability, 2.8, Gold, platinum, 
tinstone, magnetite, chromite, ilmenite, native copper, gemstones, 


zircon, monazite, phosphate, quartz and quick silver. 


m in sedimentary rocks are form- 


Rich deposits of salt and gypsul 
f salts in ancient sea 


ed as a result of evaporation and precipitation 0 
basins and lake basins. 

Mineral deposits of organic origin are coal and petroleum. 

Coal. Coal occurs in Nature as the remains of plants which 
have preserved solar energy of geological past for the use of Manu. . 
It first originated in swamps and passed through a peat Stage. Tune 
favourable conditions for the accumulation of coal are mild tem pera- 
ture to sub-tropical climate and moderate to heavy rainfall well distei- 
buted throughout the year. Various types of coal are formed accord- 
ing as environment, kinds of plants and nature and duration of bacte- 
rial action and degree of metamorphism during the formation. Coal 
beds occur as flat lenses within “coal measures" which consist of alter- 
nating beds of sandstone, Shale and clay, mostly of fresh water origin. 
The thickness of coal seams ranges from a mere film upto 600 fect. 
Coal seams contain partings or thin bands of shale or clay, exhibiting 
the structural features of sedimentary rocks. J 


| 
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| 
ঠ s and 
Rich coal deposits of the world belong to the Crtbon te af 
Tertiary periods. The coal deposits of the latter period is 1 
lignitic Variety. 


: century 
Petroleum. It is one of the important fuels of the 20th 
and has become a Necessity of modern civilisation. 


Accumulated to form oil pools. 


of 
Sources. The slow decomposition in the absence of oa 
the remains of plant and animal organisms is responsible for bh 
nation of petroleum hydrocarbons. The lower planktonic bolt 0 
Such as diatoms and algae that thrive abundantly near the sur ni LC 
the sea are the most probable and important of the sources, the 
forms of life on land being unimportant. 


Ia 
ft » natin 
During the Conversion of organic matter into petroleum, 

Eas, dominantly methane is also formed. 


The conditions nec 
is merely an accumulati 
terranean vond are : 


ich 
f A | whic 
essary for the formation of an oil Po a sub" 
On of petroleum in rock pores and no 


- sc and CALs 
(1) Migration and Accumulation, (2) Suitable reservoir an 
rocks, (3) Suitable traps and (4) Retention 


ets 
E Y il dropl 

Migration of oi Eenerally results in accumulation 0! ols i 
into oil pools. Migration may not result accumulation 0 f 


voir Trocks and traps 


+ Dorous 

Reservoir rocks. Accumulation can take AT the accumu 

oo Den EATS Breater the porosity the grea fl be the yiele j 

jon of oil and the larger the pore size the Ereater will | fr ? 

EY like clay with high Porosity and low permeability is LL 

able reservoir rock. The most suitable ER TSO shales 
sandsto 3 Ur cavernous limestones, ru ৰ 

sandstones, porou 


and jointed igneous rocks. 
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Caprocks. A confining impervious caprock retains oil in a re- 

servoir rock. The most common caprocks are shale, clay, dense limes- 

one, gypsum well cemented fine grained sandstones and shaly sands- 
‘one. 


Traps und structures. In inclined sedimentary beds, the upward 
t the surface or 


migration of oil pool will continue until it escapes 2 
is arrested in some trap where it forms an oil pool. If the beds are 
folded into an anticline, upward migration ceases when the oil reach- 
65 the top of the arch where it forms an anticlinal pool. This is the 
most common kind of trap. The greater part of the oil so far pro- 
duced is from anticlines and domes. In an elongated anticline the 
extended flanks facilitate migration, the arch permits accumulation 
and the crest containing dome-like areas collects oil from all sides, 
Which is retained beneath the caprock. Therefore it serves as an ideal 


Metroleum trap. 


Many oil pools have resulted from faulting, 4 thick fault rarcly 


serving as an effective upward seal to an oil sand. 
nic necks, dykes and 


Igneous instrusions in the form of volca 
iferous beds to form 


sills have similarly upturned and sealed petrol 
Oil traps. 


ig. 123. i 
DES Fig. 124. 


Another interesting structural trap for oils 1s salt dome. They 
are foried as a result of salt flow upwards, bending the overlying 
stain RANE Hake 0l traps. Under pressure, the yielding plastic 
salt was forced upwards along some lines of weakness such as fault 
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2 - 5s 
Intersections. These are also knuwn as salt Plugs and they con 
of salt, anhydrite and calcite. 


- i i eral 

Due to metamorphism Several Kinds of non-metallic hE 
Are formed. The chief deposits are asbestos, graphite, talc, | 
Stone, andalusite, sillimanite, kyanite and Barnet. 


JC 
Prospecting of Mineral Deposits. Prospecting has become er | 
difficult as the easily discoverable mineral deposits have already tru" 
found. With the advancement of Science different scientific its 
ments have been brought into Use in the search for mineral depo 


+ use 
. . n Ua 
hidden in the earth’s crust. The Various geophysical methods i 

are as follows : 


are taken at Specific intervals. The position of attracting boot 
is indicated by the apparert increase or decrease in the earth's yt 
netic field. This method is useful only for substances bei an 
magnetic Property, €.8., magnetic iron ore, pyrrhotite, nic 
cobalt. 
arch 
2; Electrical method. Electrical methods are used in the a 
for metallic mineral deposits and oil, for sub-surface explore 
and in electrical logging wells. These methods are based up 
low specific electrical resistance of metallic minerals. 
other 
3. Electromagnetic methods, These are preferred Hed uti- 
electrical methods in the Search for ore bodies. These ee up 
lise the principle that a Current passing through a Ee current 
magnetic fit d aroung the conductor The ONE oss its pre" 
set up by an ore body lying within the induced field indic: 


sence. 


al ravi 
4. Gravity methods. “In these methods the Eoin [ চি eas 
nal attraction is made use of and the a emp. he perio to) 
ao vitational attraction are: (1) the pendulum whos: depends 
uring gra is dependent on earth's gravitation which in a ance i" 
SFG enaty of rock beneath the surface,(2) the orsion bala 
on the cen: 
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Piel the deflection of a graduated fine wire measures the gravita- 
ional pull of buried mass, and (3) the gravimeter in which gravity is 
compared with an elastic spring force at different places. The latter 


two are employed in petroleum prospecting. 
5. Seismic methods. The earthquake waves travel at different 


velocities through materials having different densities. By measuring 
the velocity of waves produced by artificial earthquakes using explo- 


sives, ore bodies are detected. 


so employed for determining the depth of 
f bridges, dams and buildings and for 
terial to be excavated. 


These methods are al 
ed rock for foundations 0 
determining the nature of the ma 


MINERALS IN INDUSTRY 


Je raw materials in different indus- 


Minerals form the invaluab 
The various 


tries. They form.the backbone of modern industrial life. 
uses of minerals are given below 


Metal Industry 
ME 


Metal extracted Ores used 


limonite, siderite, 


LEON Hematite, magnetite, 
maicasite. 
lron alloys Psilomalane, pyrolusite, braunite, cobaltite, 
le, scheelite, vanadi- 


molybdenite, ilmenite, ruti 
ferous magnetite and ehromite. 


Coppér Chalcopyrite, cuprite, native copper, chalco- 
cite, malachite and azurite. 

Lead Galena and cerussite. 

Aluminium 


Bauxite and cryolite. 
SNe 2 se ——— 
Other Industries 


Fuels. Coal (peat. lignite, anthracite) and petroleum. 
Kefractories: Fire-clay, kaoun, kyanite. sillimanite, magnesite, 
andalusite, graphite and chromite. 


= ক্ৰ 
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Abrasives. Diamond (bort), corundum, emery, garnet রে 
ochre (rouge). Jestite 
য €! {! 
Paints. Hematite, ochres, barite, ilmenite, chromite, ce 
graphite and lead ores. 


. d mag 
Cement. Limestone, clays, gypsum, bauxite, asbestos an 
nesite. 


Glass. Quartz, felspar and kyanite, 


D0 
Er) 
Ceramics. Kaolin or China clay, felspar, talc, gypSsu 
milky quartz. 

Insulators. Asbestos, mica aua magnesite. 


2 ri 
Paper and rubber. Kaolin, barite, Bypsum, mica, sulphu 
salt, 


Fertilisers. Gypsum, apatite and phosphate rock. 


uo’ 
Optical and Scientific instruments. Calcite (Uceland spar), 4 
rite, gypsum, agate, quartz, mica and tourmaline 
Gemstones. 
and amethyst. 


A 
: olivin 
Diamond, garnet, topaz, corundum, beryl, 


Strategic minerals. (essential for National Defence) Coal, nium, 
leum, sulphur, beryl and Ores of tin, iron, lead copper, alum 
tifanium and uranium. 


Radioactive minerals. Pitchblende and monazite- aces 
A - s rn 
Refractories. Modern high temperature metallurgical fistan 
require refractory Materials for furnace Jinings that will w requir” 
high temperatures (about more than 1500°C). They are also 


i ঢ ical purP® 
ed for high temperature Purposes in retorts, for electrical P 
and for ceramics. 


Essential qualities for E00d refractory materials are : — 


1. Tt should Withstand high temperatures. 

2. Tishould not react with molten materials. গা 

3. Tt should be Strong enough to withstand the weight a 
of molten metals- and slag. ক rature 

4. It should resist cracking and svalling under tempe 


changes. f, ' 5. 
5. 1 should be easily moulded into bricks or other form 


wea! 
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The common refractories are generally grouped as follows +— 


Fire clays. Kaolin and fire clay. 

Silica. Quartz and diatomite. 

Alumina. Bauxite, corundum, kyanite and 
Magnesite. Magnesite and dolomite. 
Chrome.. Chromite. 

Others. Graphite, beryl and zircon. 
and rocks are used as natural 
also made from mineral products. 


sillimanite. 


a Abrasives. Many minerals 
rasives. Artificial abrasives are 


Natural abrasives are divided into 3 groups. 
rasives which include in tne 0 
emery and garnet. 


1, High grade natural ab rder of 
aArdness diamond, corundum, 
2. Siliceous abrasives which include various for 
Quartz, pumice, sandstone, quartzite and diatomite. 
brasives which include buffin 
chalk, lime, China clay, 


ms of silica, 


g and polishing 


3. Miscellaneous a 
talc and carbo- 


Powders, bauxite, magnesite, 
Tundum. 


in Abrasives are widely used in all ohases of industry, the 
duitry being the largest user. 
QUESTIONS 


geological formations do the 
hat are their economic uses ? 


automobile 


fol 1. Where in what form and what 
lov.ing minerals occur in India and w 


Gypsum, Diamond, Corun- 
Beryl, Kyanite, 
Felspar, Ochre, 


& Monazite, Chromite, Magnesite, 
im, Lignite, Asbestos, Bauxite, Barite, Psilomelane, 
Kaolin , Mica, Pyrolusite, Garnet. Timenite, Apatite, 
Hematite. 
দর DY | Enumerate the common types of Refractories used in modern 
bi ustries. Give one example in each type and describe their mineral 
composition and special properties. 

Write short notes on he following : 

Replacement deposit, Secondar ] 

+ enr ৰ 

deposit, Salt dome, Gossan, Vein. SECC TE Se a) 


= বৰ 
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CHAPTER Il : MINERALOGY 


one of modern industrial 
ost all the industries. All 
s forming the 
to the 


lls Introduction : Minerals form the backb 
টা as they provide raw materia tor alm 
Be) and mineral products are derived from rock 
ত the earth. The past of our country Owes its glory 
i Ta e minerals. Before the advent of the Christian Era, people 
VAI. were skilled in metallurgy and the manufacture of weapons. 
Saf iki, in his Ramayana’ describes Chitrakuta (Ayodhya Kanta- 
oa 94) as a region full of rich minerals. In ‘Silappathikaram’, 
Ee the five great epics in the Tamil literature, Kovalan, the hero, 
thi EEE the heroine, as a gem not obtained from moun- 
SHiCh NCIDIDE must have gone on in India from prehistoric times 
Partie ন from “the many references to jewels and metals, 
En arly gold, found in the Vedas and the Epics. As early as the 
wed RE BC., Kautilya, one of the greatest diplomats the. 
This ; সা seen, described ‘mines as sources of the treasury’. 
tle সা e earliest direct reference to mining found in Indian litera- 
HEE ee travellers who visited India found it a land of 
that nh gold. “The old mine workings bear witness to the fact 
EE NE rs ought to have been in full swing in the 
OEE ন For example, we may cite the mines at Hutti, onthe 
Aa CR ন hra Pradesh border, which is understood to have been 

EE ৰ ion uring the period of the great Maurya Emperor, Asoka. 

li Ne mine workings of copper deposits at Khetri in Raja- 

Ak which were worked during the reign of the Mughal Monarch, 

bar the Great, and the Golconda diamond mines of Vajrakarur in 

Kurnool District Andhra Pradesh) are considered to have been in 

existence from Very early times. The world-famous Kohinoor 

diamond, which now adorns the British Crown, was obtained from 


the, Golcondn Mines. 


The immense quantities of slags of i ji 
Cop ae and Jend in parts of Rejasthon, and iol en tenn 
other centres bear testimony to the existence of Zourishing and 
vigorous metal industries of the past. The famous iron illars fort 

of remarkably pure and rustless iron, like the one (23 Re t long)~at 
Kutab Minar, near Delhi, which dates back to 415 A D., the period 
of King Chandragupta II. and the steel used for Damascus swords, 
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ples of the art of ancient Indian Metalloi 1 
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CHAPTER VII: ENGINEERING GEOLOGY 


ত The utilization aspects of geological knowledge in the field of 
ivil Engineering may be listed as follows : 


(i) It gives a systematic knowledge of materials, their occurrence 
ection of 


and properties and helps the engineer in the sel 
suitable materials for construction Works. 


(ii) It helps to tackle foundation problems which are directly 


geologicat. 


(iii) It also helps in adopting proper methods of excavation. 


groundwater occurrences are easily 
in various projects such as sanitary 
land drainage, irrigation and 


(iv) From geological details 
known which thus helps 
engineering, water supply, 
many other works. 


(V) It makes him aware of surface waters and their methods of 
the execution of such Works 


erosion and thus helps him in 
as river control, coastal and harbour Works; soil conserva- 


tion, etc. 
(Vi) It makes him read and interpret geologic reports, 
photographs. 


(vii) It familiarizes him with the processes of nature and thus 
enables him to carry out his works successfully and safely. 


maps and 


It may be coricluded thus, that in any project safety. 
ন্ট the two main requirements and a civil engineer wi 
UlAl the same, if he utilises the different aspecis 0 
ledge mentioned above. 


f geological know 


CHAPTER VI INDIAN STRATIGRAPHY 


In India, the oldest pre-Cambrian rock-tormations (Archacsr: 
and Dharwars) contain many metalliferous and non-metal 
mineral deposits like those of iron ore, manganese ore, gold, oh } 
ore, “vanadium Ore, Chromite, mica, corundum kyanite sillimanite 
graphite, dolomite, magnesite, asbestos ADELE kaolin, marble, 
granites, and atomic enegry minerals. | k 
In the later pre-Cambrian formations (Cuddapahs and vie 
yans), the Cuddapahs contain valuable deposits of Enh) limestonr 
dolomite, slate, barite, asbestos, soapstone, mica, iron ore, Jead-2o 
5 OEP ore, kaolin and chert, and the Vindhyans contain va 
& 8 dopols of limestone, sandstone, diamond, pyrite, 81255 £ 

In the Palaeozoic (primary) group of geological formations ে 
uppermost system (Permian) is the most important f6rmation, nl 
the point of view of mineral wealth. It contains the ¢ ict 6g 
measures of India (Lower Gondwana coals), fire-clay i eritic 
limonitic iron ore, sandstone, glass sand and china clay. 


The Mesozoic (secondary) group of formations contains valor py 
deposits of limestone, sandstone, red shale, thin coal seams, 0 pnd 
gybsum, phosphatic nodules and celestite.. The Deccan Trl snd 
Rejnie2! basalts supply valuable road metal and rail ballast ys 
contain in their cavities minerals like calcite, zeolite, quartz; 2% i 
agate and .other semi-precious varieties of silica. 
fof 

The tertiary group of geological formations is importer pe, 
deposits of gypsum, salt, lignite, petroleum, bauxite, ime 
sandstone, vlay and gravel. 

) 
e 

Tie Quaternary (Pleistocene and recent) formations are woes, 
for building stone, laterite, bauxite, iron ore, manganese Oré, 2A salt 
lifhomarge, brick clay, sand, gravel, kankar, calc-tufa, saltpe' f gold! 
‘reb’ (sodium sulphate and carbonate) and placer deposits © 
diamonds monazite, ilmenite and zircon. 
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Our responsibility for industrialisation to build a new India, 
has tremendously increased, Calling for the nation's entire 
effort and tapping of all available resources. A proper under- 
standing of the subject of geology by the engineers and 
technologists will greatly help to play a-major part in the 


Successful exploitation and conservation of our Country's mineral 
resources. 


This book presents in a concise form the subject of geolegy. 
as drafted for such varied courses as A.M.L.E., B.E. (Civil), 
B.E. (Metallurgy), B. Tech., Forest and Forest Rangers, B.A/ 
B.Sc. (Geography), B.Sc. (Engineering) and B.Sc. (Ceramics). 
in Indian universities. Necessary modifications and additions 
had been done in the subsequent editions of the book and the 
Publication of its fifth edition itself proves the utility of the 
book. In this edition also, the author has read the entire text 
once again, with a view to find out how best he can make it 
more useful to the students for whom it is intended. As a result, 
more matter has been added to the text and three plates. have 
been added to make the text more vivid. ! 
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